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a? 6-inch QSV series hand 


operated quarter-swing valve. 


@ 12-inch QSV series hand 
operated quarter-swing valve 
The QSV valves afford the 
largest practical unblocked 
aperture plus the shortest 
over-all length, the important 
considerations in good vacuum 
valve design. They are being 
used to control vacua of the 
order of 1 x 10°’ mm Hg. 
Available in 4”, 6”, 8”, 10” 
and 12” sizes. 


© 6-inch pneumatically op- 
erated quarter-swing valve 
This series ranges in size from 
4” through 16” nominal 


diameter. 


4) 3-inch series PV-02 pneu- 
matically operated solenoid 
controlled globe valve. This 
makes possible remote con- 
trol of vacuum pumping sy 

tems. Used with CVC thermo- 
couple, Pirani, or ionization 


gauge controllers it protects 


an evacuated system from 


accidental pressure surges. 


5) This 6-inch type VTSB-6 
combination valve and baffle 
serves as a valve capable of 
isolating a diffusion pump 
while providing a roughing 
port, and functions as a water- 
cooled baffle that can stop 
backstreaming oil vapor from 


entering the system. 


6) 12-inch pneumatically 


operated solenoid controlled 


type PV-03 globe valve. 
rg 4-inch VTSB-4 combina- 


tion valve and baffle. 


© This %-inch NPT type 
9V-09 normally open solenoid 
operated valve works on 


AC or DC current. 


© Large right angle pneu 


matically operated, solenoid 
controlled, water-cooled high 
vacuum valve’ useful with 
CVC's ejector and diffusion 
pumps in 14, 20° and 32” 


sizes 
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Vacuum Equipment Dept. 











Which of these 
high vacuum valves 
match your requirements ? 


Hand operated—pneumatically driven, 
solenoid controlled —AC or DC solenoid 
| 


operated—or a combination valve and 


ater-cooled baffl Whatever your 
irement, the right C leak-tight, 


} 


lable from 


maintain 
vacuum 
imum im- 
tion, all 
le ot 


1] 
On Our nearest Neld 


» help solve your vacu- 

ation or other high 

ac Consolidated Vacu- 
um Corporation, Rochester 3, N. Y. 
a subsidiary of Consolidated Engineer- 


1g Corporation, Pasadena, California). 


Consolidated Vacuum Corporation 


Rochester 3, N. Y. 


designers and manufacturers of high vacuum equipment 
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Temperature 
Differential 
Control 


Transitor 
Selection 
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Detection and 
Control 











WESTON 


Sensitrol Relays 





eliminate need for involved electronic circuits, and auxiliary power 


supplies. 


operate directly on values low as '2 microampere, or '4 millivolt. 


handle substantial wattage at 110 volts on non-chattering magnetic 


contacts. 


available with single or double contacts, fixed or adjustable, 


manual or solenoid reset. 


Designing, or redesigning, for greater simplicity, compactness or 
reliability, investigate these widely used, ultrasensitive relays. 
So sensitive that they operate direct on the output of thermo- 
couples, resistance bulbs or photocells, they enable designers to 
cut manufacturing and maintenance costs by dispensing with 
involved circuits and many troublesome components. To help you 
adapt these rugged relays to your problems, engineering assistance 
is freely offered. Write ... WESTON Electrical Instrument Cor- 
poration, 614 Frelinghuysen Avenue, Newark 5, New Jersey. 
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you are looking at 560 electronics engineers 


Phis concentration of mindpower—the equivalent of 


1 OOO in the new science ol 


nearly vears of CX PCTICNCE 


electronics 
kn 


development in the aircraft industry. 


is part of a team ol 2200 specialists in the 


inecring Division of Martin. It is also part of a majon 


For the electronics requirements of today’s weapons 
Svstcms are an increasingly critical factor in the cost of 
airpower, involving navigation, guidance, search, fire con 
trol, communications and a rapidly growing number of 
PuUnNCtIONS. 


Opcrational 
I 


Martin’s top-rated electronics resources are a vital part 


ol the balanced and integrated system of engineering 
skills essential today to the production of optimum weap 
ons systems at maximum efficiency and economy 

lake the case of the U.S.A.F B-61 Matador, 


first successful pilotless bomber: 


America’s 


This major weapon is being produced for a traction 
of the cost-per-pound of equivalent piloted aircratt 
another long-range payofl on Martin Systems Engince 
ing, which ts delivering more airpower at less Cost to oul 


Government and the American taxpayer 


You will hear more about Martin! 


THE GLENN L. MARTIN COMPANY 
BALTIMORE * MARYLAND 
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Check your application— 
pick your multiplier phototube 
























































Wavelength of | Sensitivity at Equivalent 
RCA Spectral] Max. Response | Mox. Response Noise Input at 
Type Application [Response} (Angstroms) (va /uw) 25° C—Lumeas 
Scintillation 
6372 Counting $-4 4000 18,600 1x 1910 
6342 Scintillation $.4 4000 7,000 | 7x 1042 
Counting 
5819 Scintillation $-4 4000 23,200 | 2x 10%! 
Counting 
6199 Scintillation $-4 4000 22,300 4x10 12 
Counting 
6217 | Spectrometry $-10 5600 8,500 4x 19-1! 
1P21 Light & Color $-4 4000 74,000 5x 10°43 
om Measurements 
1P22 | Colorimetry & 5-8 4200 370 Over 1x 10-10 
Spectroscopy 7x 10-42 
1P28 Light & Color $-5 3400 22,600 (For ultraviolet, 
Measurements 6x 10°15 watts 





From the pioneer... 
the most extensive line of Multiplier 
Phototubes for special applications 











The extraordinarily high amplification ob 
tainable from RCA Multiplier Phototubes 
makes them particularly applicable to the 
detection and measurement of low levels o 
illumination 
phors, many of these tubes 


Coupled with suitable phos 
are especially 
useful for detecting and measuring nucleat 
particle radiation 

The new RCA-6372 utilizes a semicylin 
drically shaped, semitransparent photocath 
ode with an area of 
making it extremely 
scintillation-counting applications such as 
the detection of alpha particles 

The new RCA-6342, for 
scintillation counters, features small spread 
in electron transit time and relative freedom 
from after pulses. Its “head-on” design, with 
flat face, allows excellent optical co ipling 
between the cathode and the phosphorerysta 
This tube has a focusing electrode to permit 
optimizing the magnitude, uniformity, or 
speed of the response in critical 

RCA-5819, with its head-on photocathode 


lation 


123 - 
2¥% square inches 


' 
useful in certa 


fast-coincidence 


appreatvions 


of large diameter, may be used in scintil 





counters for the detection and measurement 


of nuclear particle radiation, and in other 


applications involving low-level, large-area 
ight sources 

RCA-6199, a head-on type, is particularly 
suitable for portable scintillation counters 
It features a flat face and small size. Like the 
larger 5819, it has maximum response at 
about 4000 angstroms, has high sensitivity to 


blue-rich light and negligible sensitivity to red 

RCA-6217, also a head-on type, is espe- 
in color densitometers, spec- 
comparators, and other 


cially useful 


trometers, color 
applications calling for good red sensitivity 


RCA-IP21 has 


ratio. It is especially desirable for spectrom- 


superior signal-to-noise 


eters, astronomical telescopes, and scintilla- 


tion counters using “light piping.’ 


RCA-1P22 has a range of spectral response 


ELECTRON TUBES 





Nn this issve 


approximating that of the human eye. It is 
especially useful for colorimetry, spectros- 
copy, and other applications involving low 
light levels 
RCA-1IP28 has an 
glass which transmits ultraviolet radiation 
down to about 2000 angstroms. This feature 


envelope of special 


makes it useful in specialized industrial and 
scientific applications such as spectropho- 
tomelry 

For further information on RCA Multiplier 
Phototubes contact your nearest RCA Field 
Office 
EAST: Humboldt 5-3900 

415 S. Fifth St., Harrison, N. J. 
CENTRAL: Whitehall 4-2900 

589 E. Illinois St., Chicago, HL. 


WEST: Madison 9-2671 
420 S. San Pedro St., Los Angeles 13, Cal. 


RADIO CORPORATION of AMERICA 


HARRISON, H. J. 
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dvamees uc Applied Rotation 


DEVELOPMENTS in the FIELD OF APPLIED RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT 





Radiation Facilities at HiGH VOLTAGE several hundred grams of radium-bery! 
} 


} , s 
The versatility of today’s accelerators 1s demonstrated by the radiation power accelerator, 


hum. With this compact 
available to industry for experimental and process work at HIGH VOLTAGE’s plant Well Surveys expects to gain more 
in Cambridge: precise data for increasing the efficiency 
5 of oil-well completion and exploitation 
e Electron energies up to 2.25 MeV capable of delivering dosages of tonizing» f I 


power up to 50 million gram rep per second two hundred times greater 





than the Aourly output of a kilocurie source of Cobalt. Our Van de Graaff . 
; ‘ea f : New Linear Accelerator 

facility can completely sterilize samples at rates up to 200 gross pounds of 

: ( ) i é ‘livere he 
material per hour, or can deliver massive radiation doses to plastics of HiGH VoLtace has delivered the first 
microwave linear accelerator to be built 
chemical systems on a continuous process basis. “4 . oe a a om 
. “ commercially in the United States. Com 
e X-ray intensities up to 300 roentgens per minute at 50 cm. Both 1- and 2- ; 
bining radar and accelerator techniques 


nillion-volt x-rays are available for radiography or research. th troflabl 
lis unit is controllable in energy trom 


e Positive ions (both protons and deuterons) in the range from 0.75 to 2.0 1S t= 50 wiliien volta. cod will be 


. > . $( yi xeTe 
MeV at continuous beam currents up to 50 microamperes. used to study the effectiveness of direct 


e thermal neutron fluxes up to 5 x 10° n/sec-cm-. high-energy electron bombardment in 


» Monoenergetic neutrons from the kilovolt range up to 6 MeV. cancer treatment. Completely engineered 


; 


by HIGH VOLTAGE, it is based on designs 





Three accelerators in our plant are being used on a contract basis by major 
of the Microwave Laborator Stuntord 
companies. We believe these facilities are unmatched in the world today. e Mic aageasaieges ; 
University, and employs kliystron ampli 
fier tubes and wave guides developed 





and constructed at Stantord, 


The Superiority of Particle Accelerators as Radiation Sources 


particle accelerators are also capable of 





As a company whose business is the 
practical application of radiation energy, 
it is HiGH VOLTAGE’s job to investigate 
alternative sources of this energy — 
nuclear reactors, pile-produced radio- 
active sources, and the by-products of 
nuclear fission — as well as the particle 
accelerators. For most applications, in- 
cl uv research, the superiority of ma- 
chine radtatuion sources ts startling. 

Radioactive sources in the multi-mega- 
curie range would have to be available 


at a cost, including shielding and trans- 


portation, of a few cents per curie be- 


fore the power capabilities and costs 
of the accelerators available today could 
be matched for commercial use. Even 
in experimental research, electron sources 
have become a practical necessity where 
systems requiring high dose 
The very low output 


dynamic 
rates are involved 
and absorption of gamma radiation from 
radioactive isotopes makes it impossible 
to produce useful yields in a reasonable 
period of time. 

Long recognized as precision sources 
of a wide range of monoenergetic neu- 


trons for research, today’s Van de Graaff 











This is an electron- 
a negative personality but usually 
very fast. 





Vol. 12, No. 6 - June, 1954 


producing, with virtually no gamma 
background, neutron fluxes which match 
those available at the experimental por- 
tals of large nuclear piles. Neutron fluxes 
of 10° n/sec-cm over a sphere of 10 
feasible with 


cm in diameter appeal 


today’s accelerator technology, with 
equipment costs which are a fraction of 
those associated with the construction of 


a nuclear reactor. 





New Tool for the Oil Industry 


HIGH VOLTAGE’s Model HN 0.5-mil- 
lion-volt Van de Graaff is now being 
used by Well Surveys, Inc., Tulsa, Okla- 
homa, in studying the scattering charac- 
teristics of radiation in soil strata. 

Well logging has become increasingly 
important in oil-well exploration, and 
today nearly all rotary-drilled wells are 
logged at least once before completion. 
Of all available techniques of logging, 
radioactivity logging, developed by Well 
Surveys, Inc., has proved to be the only 
method of locating and identifying sub- 
surface formations in both open and 
cased holes. In the past, research in 
scattering characteristics has been car- 
ried out with radioactive isotopes, but 
these have lacked both the necessary 
intensity and the desired energy. Well 
Surveys’ new Van de Graaff can produce 
a flux of neutrons as great as that from 


H1GH VOLTAG 


7 UNIVERSITY ROAD 


Want more information? Use post card insert in this issue. 





Radar pulses from the klystrons carry 
bursts of electrons along the 16-foot 
wave guide in which a very high vacuum 
is maintained. At the end of the guide, 
the electrons have attained a speed near 
ly equal to that of light and weigh 100 
times more than when they started. A 
thin aluminum window maintains vac 
uum in the wave guide and allows the 
electron beam to be used externally in 
cancer-treatment research. 

With the successful completion of this 
apparatus — the first linear accelerator 
for medical use in this country HIGH 
VOLTAGE has added both a new product 
and a new technology to its versatile 
line of accelerators for medicine, re 


search, and industry. 


ENGINEERING CORPORATION 


CAMBRIDGE 38, MASSACHUSETTS 








HOW TO MAKE A HARNESS 
for an Atom 

















Taming the monster power of a nuclear reactor requires precision con- 
trol of all the elements. Ford Instrument is designing controls that seek 
and hold the optimum power level of the pile... and keep the rods so 
exactly set that the reactor’s energy is harnessed . . . safely, securely. 


This is typical of the problems that Ford has been given by the Armed 
Forces since 1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, hydraulic, 
electric, magnetic and electronic instruments that bring us our “to- 
morrows” today. Control problems of both Industry and the Military 








are Ford specialties. 





19 
You can see why a job with Ford Instrument offers young (@ FORD INSTRUMENT COMPANY 
engineers a challenge. If you can qualify, there may be 


a spot for you in automatic contro! development at Ford DIVISION OF THE SPERRY CORPORATION 


Write for brochure about products or job opportunities 
State your preference. 31-10 Thomson Avenue, Long Island City 1, N. Y. 
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Model CVM 3153 
2 Cubic Feet per 
Minute (57 Liters) 


Model CVM 3534 
5 Cubic Feet per 
Minute (141 Liters) 


Why wail hes 


Vacuum work needs the speed of super-dependable Kinney High Vacuum Pumps. These 





pumps produce vacuums in the fractional micron ranges quickly and efficiently. Both retain 
better than 50% of their pumping speeds right into the less-than-10-micron pressure zone. 
They are easy to start — require no warm-up or hand starting. Both employ the oil sealed 


pumping system pioneered and perfected by Kinney; your assurance of long, low cost service. 


Whatever your vacuum problem, it pays to pick a Kinney High Vacuum Pump. Competent 
vacuum engineers, located in all our district offices, are ready to help you get the right pump 


for your needs. Send coupon for details. 





_ on ap a 6p 62 a> a= a» a as 42 es ere we 


IMMEY MEQ RIVE 1 
| KINNEY me. DIVISION | 
| THE NEW YORK AIR BRAKE COMPANY y 
| 3614 WASHINGTON STREET * BOSTON 30 © MASS. 

| Company 


Please send details on the following: 





| L_] The complete tine of Kinney Veewom Pompe Se iissiiaticcniecncetniinstinelitniaiiai State 


| 
| 
C] Vacuum Pumps CVM 3153 and 3534. Street jnakceeiestesbtbelaciadnlin | 
| 
| 


| C] Vacuum Tight Valves. 
Ee eee NE Ree Re ee a ae eee 


7 


Vol. +2, No. 6 - June, 1954 Want more information Use post card insert in this issue 









TURBINE 


3600-RPM 


GAS MOLECULE 


IMPELLER 







RESTRAINING SPRING 


INDICATOR DIAL 


HOW IT WORKS! 


Gas molecules, set in motion by constant-speed 
impeller, impringe upon spring-restrained turbine 
causing turbine (and indicator pointer) to move 
a distance proportional to amount of kinetic 
energy transferred. This transfer of energy is a 
measure of number of gas molecules present and, 


therefore, is also a measure of the gas pressure. 


FOR SIMPLIFIED VACUUM MEASUREMENT—EASY OPERATION—EASY INSTALLATION... 


G.E. Announces Revolutionary New Molecular Vacuum Gage 





Similar to a ‘‘fluid clutch” in principle 
of operation, this new entirely mechani 
cal molecular vacuum gage overcomes 
many of the problems encountered in 
the use of other type vacuum gages 


NO PRIMARY ELEMENT TO BURN OUT 


Having no electronic tubes or other 





New G-E gage is easy to mount, and its small 
size requires but a minimum of panel space. 





calibration remains. unaltered 
operation. The 
vacuum 


electrical detecting devices, the new ment 


G-E molecular vacuum gage assures through continuous 
without 


consuming delays caused by electrical range, and the easy-to-read indicator 


continuous operation time- long-scale span in the high 


failure such as tube burnout. dial assure accurate readings. 


HIGHLY VERSATILE 


Available in two types, the molecular 


UNHARMED BY 
ATMOSPHERIC PRESSURE 
Because this new device may be vacuum gage is supplied with a scale 
opened to atmospheric pressure sud- for the direct reading of dry air, or with 
denly without damage to the instru- a linear scale which may be calibrated 
ment, it is especially valuable where for other gases. It is therefore suitable 
for laboratory and research installations. 
Price is $193.00.* 
tion, contact your nearest G-E Appa- 
ratus representative, or write for Bulle- 
tin GEC-986 to: Section 605-78, Gen- 
eral Electric Co., Schenectady 5, N. Y. 


*Manufacturer's suggested retail price. 


personnel may be untrained in the use 
of complicated instruments. For further informa- 


SIMPLIFIED OPERATION 
The new G-E molecular vacuum gage 
requires no complicated setting of con 
trol knobs. Direct-reading, the instru- 


Ot Clin fl your conflilence tr 


GENERAL @@ ELECTRIC 
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AEC will issue bid invitations around July 15 to qualified contractors for design 
and fabrication of the first package power reactor for military use. At least seven 
firms have indicated their interest in bidding on a fixed-price basis on the 1,250-kw 
plant which will cost around $2-million. One firm has said it would fabricate 
the fuel elements with a guarantee of a five-year life. 

* 
AEC’s Office of Industrial Development, set up in 1952, has been abolished. 
Some of its functions are to be carried out by the staff of A. Tammaro, new AEC 
assistant general manager for research and industrial development. 

e 


AEC believes that a homogeneous power reactor built in the 1960's may produce 
competitive 5.9 mills/kwh power. The cost of such a plant would break down as 
follows in mills/kwh (dollars per kw given in parentheses): operation and main- 
tenance, 0.5; fuel (uranium, processing, fabrication), 1.0; fixed charges, 2.0 
($100); steam generation system, 0.4 ($20); turbogenerator system, 2.0 ($100). 

Reactor system costs of $100/kw would break down as follows (in $/kw): 
reactor tank, $3; gas control system, $4; solution storage and handling system, 
$4; circulation system and pumps, $6; building and shield, $8; miscel., $15; 
inventory of D,O, U and Th, $60. 








Great mystery surrounds proposed international meeting on peacetime atomic 
energy recently announced by AEC Chairman Strauss. There is no known spon- 
sor of the affair. National Science Foundation and National Academy of Sciences 
have been reported as cosponsors but they disclaim this. It is also reported that 
the meeting will be held outside of this country. 


Westinghouse Electric Corporation has a significant stake in the future of atomic 
energy. Gwilym A. Price, president of Westinghouse, said on May 26 that the 
long-range business optimism of his company is based to a considerable extent on 
atomic energy developments. He also predicted that by 1963 one million kw of 
electricity would be produced by nuclear power plants. 


Senator Hickenlooper of Joint Committee on Atomic Energy in a May speech 
pointed up thinking on possibilities of peacetime applications of controlled 
thermonuclear reactions. There is optimism in other quarters that industrial 
power plants using fusion will be feasible. It is reported that AEC is carrying 
out, on a priority basis, very hush-hush, highly compartmentalized work at sev- 
eral sites. Although a peacetime effort, existence of program is reportedly being 
kept quiet for administrative reasons. 

a 
Consensus of industry is that more than 50 teletherapy radiation sources will be 
sold in the next few years. AEC expects that by end of ’54 it will have 34,000 
curies of high-specific-activity cobalt-60 available. Nine cans of cobalt went into 
the Material Testing Reactor early last year. They will have specific activity of 
50 curies per gram. Thirty more cans were placed in the low-flux zone of MTR 
in November, 1953. The newly repaired Canadian NRX reactor will be produc- 
ing 30 curie per gram cobalt by the end of ’55 or early 56. 

* 


In a bold statement at the May 24 conference of the Atomic Industrial Forum, 
the General Electric Company predicted that nuclear power would be competi- 
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Revision 
of Law 


AEC Views 
on Law 





tive in this country in the period 1959 to 1964. GE also wagered that two reactor 
types are most likely to succeed: (1) the light-water-moderated and cooled boil- 
ing water reactor and (2) the graphite-moderated water-cooled reactor. To sup- 
port its work on the first type, GE hired Sam Untermyer of Argonne National 
Laboratory. Untermyer, who reported at Schenectady June 1, played a key role 
in Argonne’s work on the boiling water reactor experiment. 

2 


Second version of Cole-Hickenlooper bill to amend Atomic Energy Act came out 
May 25. It goes a long way to satisfy critics, to tighten up wording and to 
delineate powers granted AEC. Considerable clarification is achieved by stat- 
ing provisions in positive way rather than including things under exceptions. 
Here are key changes made in second version (see p. 77 for earlier comments ): 

AEC can only conduct research for others when AEC finds private facilities 
“inadequate to the purpose.” 

It is mandatory, rather than permissive, that AEC shall buy the fissionable 
material produced by any licensee at a “fair price” determined in part by AEC’s 
need for the material. 

Each year, the President shall determine quantity of fissionable material 
available for distribution. If demand for fuel exceeds amount available, AEC 
shall favor those AEC feels will do country most good. AEC may withhold 
licenses if it feels it must conserve fissionable material. 

Requirement of report to Congress by AEC prior to granting of first license 
for a practical nuclear power plant is eliminated. In place of report, other safe- 
guards have been inserted; e.g., Joint Committee will hold hearings each year to 
check working of the law. 

To facilitate financing of nuclear plants, licensee may mortgage his plant 
which would be transferable to lender in event of foreclosure. 

License period is changed from 25 to 40 years. 

Entire chapter on control of information is changed to authorize AEC to de- 
classify information so as to “enlarge the fund of technical information” and to 
foster “industrial progress and public understanding.” Three-year life of re- 
stricted data is eliminated; instead AEC is instructed to maintain a continuous 
review of restricted data for declassification purposes . . . $2,500 fine for com- 
municating restricted data would now only be imposed if the individual knew or 
had reason to believe that he was communicating restricted data and only if he 
knew or had reason to believe that the recipient of data was not authorized to 
receive it. Innocent or inadvertent disclosure is not subject to penalty. 

Board for reviewing licensing decisions has been dropped. Courts must be 
resorted to. Exclusion of cases involving restricted data has been dropped. 

AEC can grant one license covering activities that under original bill re- 
quired several. 

Normal patenting still permitted. However, patentee must not have con- 
ceived idea while under contract with AEC, even if he spent own money. 

Positive authorization is given to AEC to distribute fuel to foreign nations, 
and to companies to export utilization or production facilities. 

Licensees are responsible for damages resulting from use of fissionable 
material. 

AEC is specifically authorized to issue licenses for pilot or prototype reactors. 

Requirement of no alien directors and limitation of 5% on alien stockholders 
in licensee companies have been dropped. 

Foreign nations may have title to fissionable material received from U. S. 

* 


In first public statement on pending Cole-Hickenlooper bill, AEC offered 
substantial support to bill on June 2nd. Only major objection was to patent 
section. Recommendation was made that AEC be permitted, for five years, to 
declare a patent as affecting the public interest. In testimony, AEC presented 
informal “7-b” report on implications of atomic developments. 
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A New Era 


SIS POINTED OUT elsewhere in this ISSUe, there 
A isa good chance that a major revision of the 
\tomu nergy Act will be approved by Congress 
One of the t the 


this vear main purposes 
amendments will be to make possible the estab 
shment of a atomic 


This 


1! 
Wil be 


nongovernment energs 


industry will not mean, however, that 


there a sudden schism between govern 
ment and industry On the contrary, we shall 
be entering a new era of cooperation 

Po date, the multibillion dollar atomic energy 
been carried out by industry as 


program has 


contractor to the government The results and 
the relationships have been quite satishactory 
Chere is no reason to believe that this method of 
running the program will be changed in the near 


putuyyre 


Wi rHEN WILL the new cooperation be? 
Interim revision of the law is proposed to 


enable industry to start activities in the broad 
Because the com 
the health 
involved in the building 
the Con 
a the Atomi 


has 2 considerable 


field of reactor technology 


mon defense and SCCULIEN and and 


safety of this nation are 
of a number of nuclear power plants, 


gress feels that the government, \ 


Kenergy Commission, should 
] 


{ 
eontrol 


and regulatory power. 


\s presently written, the powers granted AK(¢ 


ire very broad so that the Commission would 
have life or death control over the industry 
Qn the assumption that these basic powers are 


not radically changed in the final bill acted upon 
by Congress (as they are not likely to be), it shall 
fall to the lot of AEC to interpret its powers so 
as to best implement the intent of Congress 

For example, we take for granted that Con- 


Wants a vigorous industry started. To 


OTeSS 
facilitate this, it will be necessary for AEC to 
have a positive, progressive outlook in the exer- 
Its attitude should 
one of acting in the capacity of a 


keep 


cise of its responsibilities. 
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not be stern 


his children in-line 


parent 


trving to 


of Cooperation 


Rather the philosophy should be one of offering 
every assistance possible to industry to encout 
age as many companies as feasible to participate 
the ARC deci 


sions Will be involved and where the ultimate in 


Some ot areas where difficult 


intelligence and foresight will be necessary are 


determinations ot 1) the quantity of fissionable 


material to be allocated to industry each vear 


2) prices that the government will charge and 
pay for original and regenerated fuel, respec 
tively; (3) the qualifications of applicants for 


licenses to build and operate reactors 1) size 


ol reactor exclusion areas and other health and 


safety matters; (5) qualifications of foreign cus- 


tomers for American reactors: and (6) access to 
technical data for private companies 

In the past on at least several occasions ARC 
has been squeamish about going as far as Con 
the ARC to go 


lor example, conservative for 


law would 


ARC 


quite some time on the granting of certain patent 


gress said 


permit 
Was very 
rights to companies spending their own money 
AEC. Also, AEC was fre 
to declassify the 


under contract with 


quently reluctant data on 


grounds that its disclosure would not adversely 
affect the common defense and security 
|* ADDITION ‘TO the need for good faith on the 
part of AERC, industry must also act wisely, 
particularly once fissionable fuel gets into wide 
spread use. Uranium and plutonium should be 
The health and 
safety of employees and the community must be 
AEC should be 


given full access by industry to private nuclear 


used as efficiently as possible 
given the utmost consideration 


power plant data it requires under the law for 
the protection of the nation 

If both the Atomic Energy Commission and 
private industry fully accept their responsibilities 
under the proposed legislation, there is no reason 
that we should not have a vigorous industry that 
vill enhanee our national SCCULITN and the stand- 


ard of living of the world 
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Coolant selection, arrangement and type of fuel, and neutron energy are considered 
as factors in determining the best power-reactor system. Power costs and probable 


sizes of the resulting raw material, generating, and equipment industries are estimated 


of U. S. Nuclear Power Industry 
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TABLE 3 Inventory Requirements of 
Thermal- and Fast-Breeder Reactors* 
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Annual fuel and fertile material requirements FIG. 6. Cumulative material requirements for all reactor types 
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FIG. 1. Effect of irradiation on heat-resistant (120° C) properties of poly- FIG. 2. Elastic properties oflirradiated poly- 

ethylene. Control sample at left; shortly-irradiated sample at right ethylene at 150° C. Top rod had received 
0.6 units irradiation; middle rod, 3 units; bot- 
tom rod, 12 units 


How Radiation Affects 
Long-Chain Polymers 


Data showing effects of radiation-induced crosslinking or degradation of 
plastics indicate that the effects can be used in polymer research and for 


industrial processes. Rough cost estimates define commercial feasibility 


BY A. CHARLESBY 
ltomie Energy Re 
Harwe ky / 


FIG. 3. Transformation of polyethylene from a melting to a non-melting polymer at 190° C. Samples held at temperature for 1!) hours. 
From left to right, samples received 0, 0.04, 0.05, 0.09, and 0.14 units of radiation 


18 June, 1954 - NUCLEONICS 





ES OF MANY long-chain poly- 
be modified considerably by 
» high-energy ionizing radia- 


changes are far greater than 


duced when most nonbio- 


terials are exposed to a simi- 
nt of radiation, since a change 


one chemical bond of many 


profoundly influence a 
vsical properties even 


e chemical 
little. 


rticle is 


structure is al- 


concerned with the 
rradiated long-chain poly- 


The 


diation on polymerization 


thermoplastic type 


and 
the 


ype is not considered 


rated monomers on 


resins ol uren- 


Long-Chain Polymers 
n polymers consist of mole- 
ryving length that contain a 
er of repeating units known 


ws. The 


together in 


MOnOmMers are 


to 


ng chain skeleton that usually 


each molecule 


iiways contains carbon 
itt hed to the skeleton 


ns, Which in the simplest case 


are 


ene ire hydrogen atoms: 


olten comprise more comple xX 
groupings 
chain itself is not always 
ched side chains also may 
In anv one specimen the 


ire) usually of different 


One of the basic problems ot 
to determine § the 


nee os 
yth and distribution of 


ths about this mean. These 


factors greatly affect tl 
the 
In spite ol then 


properties ol 
resultant plastiv 
length, long- 


chain polymers Co l I separate 
Van 
they e¢ 


without 


l 
] 


molecules hel 
Waals 
flow 
altering the 
In this 
thermoset pl: 


weak 
det an 


lea 


melt ssoly 
structure itself. 
the 


contain a 


respect the differ trom 


istics whicl 


three-dimensional network between 


the reacting chemical groupings such 


without 
the 


i network canno roken 


permanently some ol 


primary bonds 


Radiation Effects 


exposure of thermoplastics to radia- 


tion produces crosslinks or degrades 
the main or side chains (1-8 


Unlike the 


effect of radiation on other solids 


Permanency of change. 
such 
as metals), once produced, changes in 
rmanent as the bonds 


\\ hen radia- 
its 


plastics are as pr 
in the original material 
removes an atom mole- 
the 
to find an equivalent position in which 


Thus, 


produced In 


tion trom 


cule, atom extremely unlikely 


it can settle in the structure. 


° ure 


permanent changes 

the chemical bonding These « hanges 
ire usually accompanied by removal of 
the displaced atoms in the form of a gus. 


The 


bonds affected is consicde 


Extensive effects. number of 


rably greater 


than the number of primary collisions 


the | 


with incident high-energy par- 


ticles. A fast neutron may provide 
the lO’ ey 


In 
to proe 


energies of per 


this 
bond 


, 
collision. ilyvmers 


ix sufficient 10 


changes at 20 


process 


olten 


nomueal as far 


to chemical el} 
exo pte Ilh POlVe 


bone pe 2 OOO 


greathy ch thr 


material (one 


neutron cah prodtce 


ences im the behavior 


contain 


thousand molecule 

of about six million imbon 
A summary 

produced by 


number of 


pol 


following sections given polvm 


was chosen for stud not beenuse of 


anv fundamental difference in its 


behavior Put mais beenuse it most 


clearly showed the property under 


Investigation or beenuse certain con- 
stants for the material were available. 
Irradiation was usually car out in 
the BEPO rea 

Co gumma soul 


X-ra 


wad 
tol Close 
ators and 
been used 


In BEPO e 


unit referred to ithe to 


i pos radiation 
iowing sections 
corresponds to an integrated flux of 
10! 
lust 


polymers that con 


slow neutrons em Pius HSsocl ited 


neutrons | vanimas For many 


uh 
tain only carbon and 
hvdrogen this unit 


effect as in 


tle 
50-m 


rocduces sine 
" 


to Lona 


exposure 


roentgens of pure gatima radiation 


CHAIN CROSSLINKING 
The 


ethvlene 


individua molecules in 


polyst rene, and rubber 


linked together | chemical 





How Radiation Affects 


CROSSLINKS 


Polvtetrafluorocethyvlene 


olymethvl methacrvlate 


Polymers 


DEGRADES In 


Uses 


certain polyme 
morphous structure 
the 


on the nature aft 


a pl sical means of crosslink wd 


i! agents or heat tre 

Thus, a val 
CH stems 
( othe 
COOCH 


] 
uable 
and more 
polymers 


di 


her Ke S possilh 


molecu ar-weight 


naoldt 


Vany of the bas 
the 


eatment te 

hy using 
iced read 

Bombardment with 


éthulerve 


inking can be controlled accurate 


orthodox 


of Radiation Effects 


solid crustalline to 


This thror 


rs, the transition fron 
s can be investigated light 


solid state Expo ré to radiation pro- 
hoc 

ithe 

atment 

new tool ww avar 


raa 0? 
organic cl 


controlled de gradation 


stributior ()) this 


ilies of producing 
chniques Such 
i“ radiation etre 


” 


j 


/iun more 


hiql ener 


hottles that can be 





Vol. 12, No. 6 - June, 1954 





Whose formation is induce rada- ry ine regions—instead there is a amount of crosslinking that had oc- 

tion. “Phe crosslinking profound! {- ig decrease (6). The crosslinks ‘urred increased the average molecular 

fects melting and solubilit produced by radiation hold the mole- weight sufliciently to produce a vers 

iles together even when crystallinity viscous liquid that did not flow readily. 

Polyethylene s destroyed above 115° C The irra- Longer irr idiations prevented the cubes 

At room temperature ) t ! | ( lvmer then is transformed into 1 fusing together and they eould 
has a white appearance reminisce! if Hexible amorphous material that be separated readily. 


paraffin wax, to which it i rtain is certain rubber-like properties as The transition at about 0.05 units of 
chemical analogy apart trom 1 cu own in Fig A agiation corresponds to about 0.5 
lar length). It can be cold-draw The melting properties of slightly a links per molecule This figure is 
begins to soften at about 7 1d rradiated polyethylene are shown in lower tl the minimum that might 
becomes a viscous transpar rie r. 3. Small cubes were placed in be expected (namely one crosslink pet 
at about 115° C. It is readily solul the reactor, irradiated to varying ex- lecul r gel formation. The low 


In many organic Compouns i nt ind then were heated to 190° C insitio : ause the molecules 


peratures of about SO } fo mil The unirradiated cube are of d in he longer 


properties are a seriou 11s I ; I a to her into : liquid that subse- 


Time sitieia appli ations =} 


During irradiation, po 
© crosslinked readily mary L for irving dosages 
bonds can for betwee! jae t or 0.05 units, tho 
ecause 


carbon atoms 7 


dose of about OOS 





roentgen (amount ce 
lar weight it ne te 
it is transtormed 
dimensional netwo 
shown 1 

Atte 
is no obvious 
propert es at rool 
doses up te 10u1 
sively more flexible 


stiffens 


room 
velops a strong 
similar to. that 


polymers after irrad 








By irradiation 


certain condition 





pols ethyl ne ean 


hew type ob poivi 
amorphous sna larg 
room temperature 
character is retain 
temperatures 
different 
ethvlene tha 
might well 
thermoset character. 
Melting. It is 
to refer to a radiatio 
the melting point 
the removal of er 
nary polyethylene 
bound together larg 
Waals forces in the erys 


which comprise about tw 




















specimen at room tem] 


these m tT FIG. 4. Elastic properties of irradiated FIG. 5. Elastic properties of amorphous 


verted to a liquid polyethylene. Percentages give propor- polyethylene at 150° C 


not increase the melti t t r tions of carbons crosslinked 
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linked 


alter the moleeula: 


om the network by solubil- together in small numbers to act as a sink and dissipate the added 


weight distribution. energy that otherwise might produce 


somewhat larger radiation dose — crosslinking or degradation. 


0.05 


Elastic properties. Figure 4shows <A 


in elastic properties of about be shown directly that the 


alte! 


At first there is a drop in 


units), corresponding to It can 


ene Various irradiation stabilizing effect is due to the resonat- 


Molecules 


it naphthyl or decaly] 


about 0.5 crosslink per molecule, links 


a large number of molecules together ing benzene ring. con- 
odulus until the usual melt- | 
lia” © 

becomes a 


Irradiated polvethyl- 


into one large molecule or gel that is in- — sisting of either 
ring structure to which similar 


attac hye dl, 


solvents. 
the 


soluble in all usual 
The 
molecules that have not been linked into 
can still be 


s reached about paral- 


organic 
chains are have 


The 


structure, 


d polvethvlene remainder of the specimen finic side 


been irradiated former, which 


rmed into a transparent the structure removed by has a resonant requires [ial 


more radiation to induce gel 
than the latter, although there is no 


iterial that is amorphous — solvents, but the amount of this soluble formation 


The elastic properties fraction or sol is limited Further ir- 


decreasing significant difference in the rate of 


From the 


fraction 


perature are found radiation 


vives 


theoretical formula amount of soluble material energy absorption by the two types ol 


molecule. 
Surface oxidation. As 
ethvlene, 


rubber-like elasticity relations| ip between the sol 


deduced from entropy — and the radiation dose, useful informa- poly- 


tion ¢: be derived as to the molecu- surface oxidation occurs 


when polvstvrene is irradiated in the 
After 


a brown powder 


lar weight distribution in the original 


RT, M 


polymer. presence ol nu considerable 


e's modulus. p is the In solvents, crosslinked poly thy lene irradiation, = formed 
~ constant, 7’ is the 
re, and WV. is the 


between 


swells to an extent that depends on its that contains substantial amounts of 


temperature and degree of crosslinking. oxvgen. Unlike the oxidation product 


weight Considerable swelling can be produced on the surface of 


densitv of cross- in lightlv-linked specimens at = tem- material is not sti 


proportional to peratures above the usual melting removed readily 


1 


slight oxidation the 


point. 
Other 


etlect ol 


= proportional to the 


Lover a wide range paraffinic structures. The change to irradiated » 


at 
of Fig. 5 


l 


radiation on other par iffini Is Aa Vellow color 


structures has also | studied (8 


ition 


iils only for een rapidly with radiation de 


Melting. 


diated polysty rene rods 


very 


densities where elas- Paraffin wax and paraffin molecules ot Figure 6 s} 


tand high 


slight- 


known mole Ulial weight Irom heptane 
C;H,.) to he (Ca¢H 74 


in both liquid and solid state have been 


glass- 


ol a 


xatriacontane temperature, 


spite { e 


heen de- ness of crosslinking radiated 


has 


successfully crosslinked 1d do not 


to 250° © 


specimens retain their shape 
flow 


same 


the density of an into an Ine 


>< in be determined fusible ve] The amount ol radiation melt ol whi 1 heated 


propor- At the 
iin length radiated 


liquid, 


osslinking density ersely temperature, the unir- 


required to do this is inv 
tional to the 
In all cases 


The results ean he MOwculal ch specimen forms +t} Viscous 


| 


an equation very absorbed Is For a radiation dose (0.0 units 


Van det 


about 25 eV pel I l corresponding to only O.6. ere 


erossliink per 6,000 


plified mslinks 


per molecule (1 


Polystyrene carbon atoms) there is a marked etfect 


and inthe melting character of the poly met 


show It 


Insolubility f the product 


external and changes in the softening would be expected that at least 


is the volume of 
mole of Col,, 


point 
that polystyrene ean be crosslinked by 


ionizing radiation Radiation doses 


needed to 


How 
OWw- 


| crosslink per cha nh is 
obtain an tnfusible network 


Variation 


the wide 


lengths means that most of 


to achieve these effects are far greater ever, 


Kk. The 
» degree ot than for polvethy ene ce spite the much 


approximates to ce larger number of monomer units inthe molecules will contain at 


f carbons crosslinked average polystyrene molecule. For and will form a network 


molecule con- withstand the high temperature 


S000 


state applies ipe- example, 


crosslinked poly- 


ol ol 


i pol styrene 
‘ retaining the shorter mole: 


o other taining sun average of about ules 
itself. 


Solubility. 
ubility 


( carbon atoms in the main chain of the 


horphous state, 
The solubility 


charac- molecule requires 1 unit of radiation tesults « 


Solubility. 


rns -chain polymers pel crosslink. whereas | polvethy lene and swelling 


bly by radiation. chain of the same chain length would — polystyrene are of consid 


is readily only need about 0.02 units to achieve in polymer research (9, 
the same amount of crosslinking. The 


ascribed to the ben- 


ranic materials at For a small am 
io OC. A 


osslinking 


an O.O35 


crosslinking, the 
altered 


very difference can be 


corre- ring in stvrene. Such a ring distribution is 


zene 


units ol stabilizes sponding change in the \ ! 


this 


ce nolecules are only 
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many organic compounds 


The 


benzene structure 


vreatly affect against the effects of radiation. product when disso! 


resonant levels of the radiation doses certal 





come linked together in 
ete. As radiation dose | 
point is reached where 
theoretically 
that 


original molecules linked tog 


infinite extent 
includes a large numb 
one gigantic molecule B 
insoluble and is rele! 
Molecules not linked 


this is 
the vel. 
this structure are still soluble an 
With furthe 


increased 


the sol fraction. 


tion and crosslinking 
increases while 


It ear 


vel fraction 
fraction diminishes, 
that if 
soluble 


crosslinking occu! 


tends to 


only 


fraction with 


Zero 


increasing radiation dosage, whereas 
if some degree of random 

fracture also is produced, the 

tion tends to a finite amount 


the ratio of 


} ; 
chain re 


teristic ot 
to chain crosslinking. For polysty- 
rene, the curves of Fig. 7 indicate 
little or no main chain fracture occ 
under radiation. 

Several theoretical studies have been 
fraction 


latter 


made of the variation of gel 


with crosslinking density —the 
being accurately proportional to radia- 
The 


depend on the initial molecular weight 


tion dose, relation is found to 


distribution, Experimental measure- 
ments of the gel fraction in polystvrene 
crosslinked by pile radiation have been 
this theory to obtain 


information on this 


combined with 


mole uinr we ig tT 
distribution 

Irradiated polvstvrene also has been 
studies of 


mers \ 


swell in con 


used in connection with 


swelling of crosslinked pols 
crosslinked polymer will 
pounds that are usually solvents for the 
uncrosslinked molecules. The solvent 
molecules (benzene, toluene) enter the 
network and try to force the molecules 
This 
the elastic properties of the crosslinked 


With 


ana, 


apart tendency is resisted by 


net work higher degree 
radiation hence, of 
the swelling is reduced 
An approximate theor 
has been worked out (11 
provides the poly met 
known degrees ot cross 


necessary for full experime 


shows that tl 


Figure be) 

remarkably accurate ove 
ol degrees Ol CrossiINKIT 
several approximations 
theoretical relationships 
ple, the theory does 


existence of a soluble 


the difference im cross 


22 


The efficiency of crosslinking 


the gel will tend to contain 


ind sol 


higher proportion of — crosslinked 
A detailed analysis shows 


these 


polymers 


the errors due to Varlous 


tend to cancel each other out 


the excellent agreement ob- 


is to some extent fortuitous 


Bv calibrating the swelling of a series 


of polymers crosslinked by irradiation 


it should prove possible to provide 


stundards of crosslinking 


poratory 


ust in industrial and research 


thoratories dealing with polyme 


Rubber 


Rubber can be considered «a natur- 


ily oceurring polymer that, for most 
pt ictieal purposes has to be vuleanized 
erosslinked). This crosslinking can 


be achieved by exposure to ionizing 


radiation alone, without introducing 


sulfur or accelerators and without heat 
treatment (12). The process can take 


in the absence of oxvgen and 
iv, Y shows that the degree of cross- 
linking is proportional to the radiation, 


number 


FIG. 6. 
0, 0.6, 2, and 6 units of radiation. 


Effect of heat on irradiated polystyrene. 
All samples were heated at 250° C for 30 minutes 


of monomer units crosslinked per unit 


radiation is somewhat higher lol 


rubber than for polvethyvlene Cross- 


ng efficiency can be deduced both 
ng experiments ind from the 
elastieity. 
periments on the gelation of rub- 
idiation have been earried out 
to determine the changes in molecul:ats 
produced by crosslinking; these 
followed) approximately by 
the viscosity of the soluble 
An alternative method ts 
neasurements of gel fraction 
Both 


for ! radiation  cdoses 


sets of data give similar values for the 


Initial a molecular weight of the 


VETULe 
rubber 


these 


it should prove possible to use 
techniques to obtain information 
on molecular weight distribution The 
results already obtained amply confirm 
the theory of gelation and the assump- 
tion of random crosslinking. 

The technique of using radiation to 
crosslink oriented = structures might 
have useful industrial applications. — It 
stretched and 


specimens of rubber sare 


irradiated in an oriented form, they 


From left to right, samples received 





aon 
ANE 


eoretical 

















FIG. 7. Solubility decrease of irradiated 
polystyrene 


FIG. 8. Decrease in swelling in toluene of 
polystyrene crosslinked by radiation 
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The mate- 
different 
1 and perpendicular 


ection of stretch. 


mentation 


ill have 


Other Polymers 


Numerous other long-chain poly- 
be crosslinked by high-energy 
these include Nylon, poly- 
gutta 
Nvlon, for 
brittle 


irradiation. 


tate, polyvinyl alcohol 
Neoprene. 


becomes Tul more 


s extensible after 
idequate amount ol 


CTOSs- 


piargelv can he suppressed. 


of crosslinking is not 


rechain polymers with 


in the main chain 


ws how lubricating ofl 
cones have been SUCCESS- 
d, the amount of radia- 


being smaller for the 
es, as is to be expected 


The 


trans- 


gy occurs at random 
Dols mie? formed Is 
| does not flow even at fairly 


temperatures 


CHAIN DEGRADATION 


Phi dual molecules in- poly- 

oethvlene, polymethyl meth- 

sobutvlene, and cellulose 

| by high-energy radiation. 
varving effects. 


nave 


Polytetrafluoroethylene 

Che essential difference between this 
polyethylene consists in 
titution of fluorine for hydro- 
the carbon atoms of the 
The inert 
aseribed to the 


character. of 
strong 


» fluorine and earbon 


gy of C-H bonds and 


vdrogen having active 


r ol poly ethvlene is 


iat can crosslink, it is 
that the possibility ot 
PTE I 


the high 


dimin- 
stability 


will be 


This behavior is, in 
PTFE 
par- 
In- 
bed in the molecules breaks 
the 
i the stronger C-F bonds. 
shows that after 10 units 
solid blocks of PTFE 
a coarse powder Thin 
more 


based 


On irradiation 


reak up, and 


uses 


are released (13). 


nds in 


mam chain 


the same material are 


\ detailed analvsis 
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FIG. 9. 
of rubber 


Effect of radiation on crosslinking 


on weight changes during irradiation 
that 


to the surtace ares 


shows weight losses are 


propor- 


tional and to the 


square ol the radiation dose 
These results are consistent with the 


hypothesis that chain fracture 


Occurs 


at random, producing groupings the 


shortest ol whicl are eventually 
evolved as Cl a} 


produced ( lose to the suds 


ovided thev are 

Similar 
gases produced deeper within the speci- 
internal 


together 


men cannot escape ind the 


pressure of these gases with 


the weakening due to the reduction of 


FIG. 10. Radiation-induced solidification 
(by crosslinking) of lubricating oil into a 
yellow, bubbled mass 


at any 


molecular weight arising from the frae- 


ture of the main chain breaks the 
material into fragments 
The irradiated material softens at a 
lower temperature, and this may offer 
considerable processing advantages as 


compared with the more usual form ot 


polytetrafluoroet hy lene 


Polymethyl Methacrylate 


Polvmethvl met hacrvlate shows most 


strikingly the degradative effects pro 


le chains by 


ition (14 


duced on the main and st 

exposure to high-energy radi 

15 
When 


of the order of 0.5 


exposed tf sm i 2 lintion 
closes 
‘form 


specimens of the poly mie! 


ol rods ol blo Ks ippedani almost 


unaffected: the only ob 
ition 


After 
unit 


changes are a slight vellow color 


and an increased brittleness 


irradiations of the order of one 


at about SO® C., the po 


into a foam oor mass of con 


sisting mainiv of hvdrog carbon 


monoxide and earbon dionxick which 


are the 
the 
of the 


main breakdown products. of 


side chain Increnses nh volume 

order of eg mes can be 

produced 
Figure 12 shows 

is stopped before the foaming 

<ubse- 


and the specimen i 


heated, the same 


reached, 
quently 
foaming takes place Phe higher the 


radiation dose, the lower is the tem- 
perature needed to produce this effect 
at least for 
TOP C 


The explanation is that 


temperatures above about 
radiation 
it random 
ina the 
solid 


produces side-« hain fracture 


throughout the 


specimen 
resultant gases are retained in the 
until a combination of inere 

sure (due to the te mperature 
weakened 


bubble 


occur neal 


pol mie! struct 
formation. Bubble 
the surface: the 
duced there Cun escayp 

This behavior may 
connection with 
diffusion of guse 
formation of nuctel 
some respects, analogou 
tion of bubbles in boiling 
has the advantage 
view of the investi ti t! it takes 
place more slo stopped 
stage by suddae 
Viscosity measuren radiated 
molecu 


Molecular 


23 


material give a mens of e 


lar weight of the pol 





verted 
first 


weight is found to deer radiated and can be con 


with radiation dose as readily to a viscous liquid. At 


; ght this is surprising because we 
M, K R ’ 
d expect hydrogen atoms to be 


is the viscosity ! ! ( ed and, thus, active bonds to be 
des eed from Is- haa L\ Dif- 


ion data show that the molecular 


where M 


molecular weight tilable for crosslinking 


cosity measurements onstant 


arranged 


R is the radiation dose and A, is a smal ( non polvisobutylene Is 


lifferently from that in most long- 


polymers 


correction factor that can be msidered 
due to steric 


as the “virtual”? radiation do needed probably 


to produce the initial mole weight drance of the relatively large side 


from an. infinite chain Therefore, the main chain is 


measurement of state of strain, and this weakness 


Viscosit 


offer an extremely convement = m } na it more liable to fracture under 


of estimating radiation doses of fron tiation 


APPLICATIONS 


dissolve it i lit ) Phe The ld inh 


l-million roentgens upwards 
is required is to irradiate 


ol Perspex which 


solvent, and messure the radiation ean be applied to 


concentrations changes in long-chain mole- 


This 


Viscosit is 


various 
to be considerable 


It is 


temperature method of 1 eu | ul 


uring intrinsic Polymer research. possible ts 


mn polymer sclence and cH ! s( radintion to procdtice poivimers 


reproducible results Phe 
specimen minty he kept 
periods before testing. 

The two processes 
main-chain degradation 
related 


associated 


each main chau 
with the ce 
approximately one sic 
energy required per 
ture is about 60 e 

ture takes place unifort 
the specimen; the abset 
effect is demonstrate 
meusurements., On the 


bubbling does not take 
distance of about | 

face. It has 
due to the ey 


by side-« | ain 


been show 


FIG. 11. Radiation-induced degradation 
of a solid rod of polytetrafluoroethylene 
into a coarse powder 


olution of the g 
fracture 
process takes place du 
The gases produced 

he retaimed ino the 

extent 


siderable periods pri t ) I ! | ! ked to an required 


their properties as a tunetion 


heating 


vore . ' ‘ i ; } wre ! CYOSSIINKI 


One can envis 
this irradiated polvi ns - u I ll radiation doses 
Blo leg f hain 


methac t l ( ond al ind the 


tion branching 


DuUrposes 
poly methy! effect 
soltening or melting 


then 


placed around the 
lated When heater 


tion would occur and 


properties, et 
vated quantitative! 
rial would be produce radiation-induces 
absence of bubbles in tl rite ‘ i curs, It becomes 
would result in a miate u duce polymers of know1 
tough skin. velg i a given molecula 
namely, that correspond- 


Polyisobutylene 


Polvisobut vlene 


chain fracture 


ndom 
heen ised’ to stud 


replacing some of 


in polvethy lene | \ \ rnit: hntrins) cosit 


24 


Lor po isobutvlene a po yvmethyl 
methacrylate 

\ further field is in’ the quantitative 
study of the ability 


ol Various types Ol 


bonding to resist the effect of high- 


rey radiation The influence of 


benzene ring in polystyrene has 


mentioned, and other structures 


» being studied. This is of particular 
rest in such fields as copoly meriza- 
in studies of the role plaved 
fur and carbon blaek in rubber 
tnization 
process is 
polvimers 
the properties of shorte: 
as those present in. oils, 
the radiation doses needed 
> much greater 
The method also can be applied to 


systems fuller under- 
onl when 


NHecules 


FIG. 12. After the slightly irradiated rod 
of polymethyl methacrylate (left) has been 
heated to about 120° C, it is expanded by 
bubble formation 


1 etlects 


Commercial possibilities. 


OsslTnKned 


aterhi 
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specialized materials of high 


ilue when treated will be Next month in NUCLEONICS . . . 


on a limited seale. Par- 


this method will be used to A New Reactor Concept” 


materials whose properties can- 


idily be suitably modified by - « « an analysis of several years’ study and experimentation aimed at conceiving 
other techniques In the second stage, a power reactor that can vie with other proposed reactors as the nuclear power 


radiation may be in direct competi- plant of the future. Seven articles will consider possible designs for a homoge 
— wit! Cen chemical techniques. neous liquid metal fuel reactor, physics and metallurgy of fuels and breeder 
Phe ar Prag iee tn thas cnc blankets, heat exchange, corrosion, reactor processing loops, and methods for 
conte of the various methods of continuous purification of fuel and removal of bred material. 











obtaining high-energy radiation. 
Sources. Since the phenomena ob- 
ll equally well whatever the 
primary high-energy radia- materiais general] dealt with, and They also could be used for sterilizing 
etrons, X-rays, y-ravs, fast will process (30 En r) gm sec, or pharmaceuticals and foodstuffs 
ete.), the most suitable form about (1,000) Ey r) tons vr in’ full 


on will depend on the cost operation. The cost of treatment will CONCLUSIONS 


ee and its ability to produce be 10° dy, or (100 dr jn per ton The ability to crosslink o1 degrade 
the most useful penetrat- For example, if we assume an in- long-chain polymers hy high-enere, 


High-energy electrons ob- stalled and operating cost of Sl/curie — padiation (under accurately controlla 


inear accelerators have d 1), a treatment needing 1-million ble physical conditions) offers many 


a few millimeters — roentgens (7 1), a source of half-life interesting lines of research. The 


most suitable for 10 years (y 10), & gamma souree amount of information obtained to 


Gamma radiation is emitting 1-Mev y-ra I 1), and date is limited main by the effort 


at fairly considerable an over-all efficiencs f 10°, the cost devoted to this interesting new sub 
material are necessat or processing Ww he $100 ton, o1 ject Large-scale industrial use de- 

be made of the energy oe lb pends on the availability of suitable 
The use of reactors appears This estimate is very rough indeed; sources of radiation. The many applhi- 
radiations ¢: be carried somewhat higher radiation doses are cations possible can be discovered best 


ly] hus making se 0° eded for mat poly Ps 
ad, thus making use ol nee le t a Pan pPoivmers, About by close collaboration between mcdus 


( Wasted However 2. to 3-million roentgens are required trial scientists and radiation pl sicists 


onvevor belts or similar to initiate gel formation in many types — and chemists 

specimens into of polvethvlene The cost of produc- 

idintion storage ing, installing nad operating fission- BIBLIOGRAPHY 
ity of the reactor product sources is not known, nor is the ! re Effect 

: objections. efficiency with which radiation can be , — 
high-energy ra- absorbed However, these figures in- J. Lawton, A. M. Bu 


‘ale appears dicate that costs are not necessarily 


idiation, Nature 172, 76 

», Sisman, C.D. Boy PI 

of irradiated plast ORNI 

required radiation In Plastics ij. Nuc reonics 8, No. 6, 36 
A. Charlest Cr 


I 

Irradiation = of 
r ol 

( 


number of fields. exhorbitant for certain modifications 


‘ast several million In the cases of oils or shorter chain pile radiation, P a 
It is too early to make any compounds in which several units of A, 215, 187 (1952 
A. Charlesby, M 


ng on the densit 
So 


oncerned with the useful changes, the costs are much roc. Roy 


of costs, but very le radiation are needed to produce 


ts mav be of inter- higher. Two units of reactor radiation 
enitude indication or 100-million roentgens) would, on 
it fission products will be these bases, cost about $5/Ib It is for 


irs per curie (includ- — this reason that the more promising 
lation and operation commercial applications of crosslinking 
vears. Fur- lie in the field of long-chain polymers. 

radiation treat- This is where small degrees of cross- 
roentgens, and linking result in marked and often 

Is designed to desirable changes in pl sical properties, 

the proportion A considerable need for sources of 

idiation captured by — high-energy radiation appears to be 
cimens). A gamma arising for a variety of industrial pur- 
emitting y-rays poses. Design of equipment to pro- 

37x 10"°xK BE vide such sources it an economical cost 

c, or (2.3 E X 10° is most desirable The modification 
This is equi alent to about ol poly mer properties Is only one of the 


10 roentgen ‘see for the — possible applications of such sources. 
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FIG. 1. Beta activity from 1 gm of natural uranium irradiated FIG. 2. Gamma intensity from 1 gm of natural uranium irra- 
at 10'* n cm* sec diated at 10'* n cm”, sec 


CHEMICA PROCESSING experiments [re- 


Estimating encore ingen nage wren 





Radioactivity of 
Irradiated Uranium 


Graphical methods simplify evaluation of 

radiological hazards involved in handling J 
irradiated uranium. Curves showing radioactivity 

of fission products and of plutonium 


permit estimates accurate within a factor of two 


By R. L. KOONTZ and A. A. JARRETT 
ffomic Energy Research D ) i rn 

North American Aviation, T) ‘ Cl c, and ¢ DAY 
Downey, Califo l en | hus 


2% June, 1954 - NUCLEONICS 








Hours 


1,000 100 
| 200 | 80 
Wahi pili! | 
100 50 
Days 
Cooling time 








Nomogram based on | gm Gamma intensity 
natural U, flux of 10'2 n roentgens / hour at | cm 
/cm®/sec. For other weights 
and fluxes, apply propor - 
tionality factors 





1500 2,000 











Irradiation time plus cooling time 


Days 





0.01 C 1 O05 10 50 





i 
20 30 80 200 
100 1,000 





L 





FIG. 3. Gamma intensity from 1 gm of natural uranium irradiated at 10'* n cm* sec 


O.00719 sin i , p beta energy per disintegration is O4 
. ‘ A ») 
10 Jt Ney ? }) 396), \ 3.7 x Ww 


_ ( * sec &K 3.000 se hr & J cog 
where C(T.t total beta activity ol 1 me . da = " me, gm, 
) ID 2.9 X 10 Mev em, and Q 


the fission products, fi fission rate - 

: 0.12¢ re heta activit 
i f problems differing of the U**° nuclei (assumed constant —— a sat 1 tl ai at 
resented, the correct value during 7), 7 irradiation time, and ™¢, 8m (Fig. 1); and thus 


liber ot fissions pel second ean t cooling time, (a disintegra- Db 300 M rep hue 


L by multiplying by suitable tions per second per fission as a fune- 


} 


tionality. The cor- tion of time Gamma Activity 


i given irradiation Figure | presents the The gamma energy emitted per sec- 

nillie s (3.7 0’ dps - 

rear ; ied 1 me ond for each fission-product nuechde as 
function of the irradiation time = for eatin f time ; 

O.OLOd nui ction o ne is 

Oe. various cooling times trom 0 to LOO 


davs The fission rate, R, assumed for y 


the reactor used, these enleulations is 1.01 k* 10 fis- : 
where | energy | 
| 
sa nuclide, Mey sec; 
The beta surtace-dose 1 » he 


Beta Activity E ergy, Mev gamma: g 


ght of natural uranium 


S1lons sec 


. ( ileulated ) 
Phe et t t of unseparated disintegrations that 


ts produced in irradiated 24 | gammas nuclide 
he estimated (2) \l- nuclei fission; PR fiss 
jore convenient to | where do * rep tn ions sec; F(T yt fraction of 
development of Way mil f betas hr gm; & energy — tion activity of the 7th nucl 
more accurate In- ‘leetron yoem: and tion; 7 irradiation. tir 
_of Thornton and ange o ectron inthe source, f cooling time, se 
heen used in these gin em Moteff (6) has evaluated the 


Assuming i rage I on-product energy trom decaying 


Vol. 12, No. 6 - June, 1954 
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Center wire leod 


eibiliieiiabii, a COUNTER CHAMBER, for easy decon- 
7 Yeas te we tamination, is lined with strippable coat- 

; F ing of Al foil taken from paper capacitor. 

itt, Y V7. eel Foil was applied patchwise by wiping with 
/ 7 cloth; paraffin film on foil caused it to 

é O5em PK — Vf, adhere to wall while cloth wiped paraffin 

O00. [dn off exterior surface. Positive grounding 

— of metal sample dish, to provide repro- 

wire loon_\ | ducible counting rates, is achieved by im- 

paling dish on brass pin. Wire loop is 
Grounding pin he-iemiei POE changed by replacing center wire lead 
f with hollow steel tube (hypodermic needle) 

ys -7-2 BB cm“ through which ends of loop are threaded; 
} loop is held in tube" by inserting brass pin 
4 into top to wedge loop ends against tube 
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Evaluating the Performance 
of the Internal Counter 


Good geometry and sensitivity to low-level, low-energy radiation recommend 
the internal proportional counter for assaying alpha and beta activity. 


The efficiency of a modified counter was studied for several beta emitters 


. NADER, G. R. HAGEE,* and L. R. SETTER 
f Health, Education, and Welfare, Public Health Se 


Health Center, Cincinnati, Ohio 





THE LOW RESOLUTION LOSS and high The internal counter Sele 
sensitivity of the internal gas-flow pro- — these studies accepts relativel 
portional counter (1-3) make it ap-  planchets (50-mm = diametes 

plicable to counting both high and low — ting minimum self-absorption in larg 
levels of alpha and beta radioactivity. samples. The counting systein 


To convert the observed counting rates sists of the counting chamber, pr 





to absolute radioactivity (curies), ge- plifier, scaler, timer, and register ane 


ometry, backscatter (4), self-absorp- — the argon-methane counting gas. For 








tion, and absorption (5) must be 
VOLTAGE PLATEAU must be deter-  eyalusated. 
mined with extended source having 
same area as sample to be counted 
for reproducible and accurate counting. (2) line the chamber with a metal foil 
Curves were obtained using 1-mm-diameter ' » Anpesen* Mound Laborators that could be replaced when acciden- 


point source and 48-mm-diameter extended o Che = Co.. yntractor 
Cdhane 


optimum counter perlormance, 1b was 
necessary to (1) determine the voltage 


plateau fs) with in extended Source, 


tally contaminated, and (3) assure efli- 


29 


source sburg 
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3 SIZE AND POSITION OF LOOP affect the voltage plateau. 
Best plateau occurs when loop is centered in hemisphere (its 
center 15 mm from insulator). When centered, loop size has 
small effect on length and slope of plateau; 20-28 mm loops give 
longer and flatter plateaus. Loops larger than 28 mm cause high- 
voltage discharges to ground; loop having 20-mm major axis was 
selected since it is more rigid. Loop must be replaced when it 
gives poor plateau characteristics, caused by contamination, 
physical distortion, or pitting of the wire 





mple 








4 GEOMETRY is 50°; for both point source (8) and extended 

source; this may be reduced by poor detection at periphery of 
chamber. Detection efficiency for point source displaced at right 
angles to plane of wire loop was investigated with 1-mm-diameter 
P’* source. Operating voltages were selected at 75 volts above 
threshold of point-source plateau and from middle of extended- 
source plateau. In latter case, efficiency is constant for sources up 
to 50-mm diameter 














BETA SELF-ABSORPTION (9) was determined on stock sus- 

pensions of |'*', P**, and l-yr-old mixed fission products. 
Samples were transferred in triplicate to tared counting dishes 
(48-mm diameter), brought to volume with suspension fluid, and 
evaporated to dryness. Dishes were reweighed and counted 
over two equal periods. For | and mixed fission products, 
data (cpm/mg) were plotted and extrapolated to zero sample 
thickness. For P**, value at zero thickness was determined by 
calculation based on assay of added P*” activity and known 
weight of precipitate that contained this activity. Results are 
similar to those obtained by Graf ef al. (2) for Ca 


cient counting by grounding the Mp he counting e 


and centrally locating f ine OO} rad 


proper size within the chamber n is made neg! 
The counting eflicieney ma ee) hin unples, 7 
pressed is < Y/D GBT 
observed radioactivity DD 
etivits (y geomet 
backsentter faetor 
mission faetor 
absorption 
For the internal 


Band T are 


sree 


30 


6 ALPHA SELF-ABSORPTION curve is calculated from §S 
a(l t/ 2pR), modified for 27 geometry from a derivation by 
Hull (10); S 
sample, a 
sample, p 


transmitted alpha particles per min per mg of 
emitted alpha particles min mg, ft thickness of 
maximum fraction of range that particles can spend 
in sample and still be counted, and R alpha particle range in 
sample. At sample thickness greater than pR, S O.50R ft. 
Range of alpha particles in substances other than air can be esti- 
mated from (11) R 3.2 * 10 (R,A™* p), where R range in 
air (cm), p density of absorber, and A average atomic 
weight of absorber 


ICICneEY 


itionenergys 


i minimum detectab 
he counting error at the 95 


Piiniuin cle tect- 
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7 TRANSMISSION THROUGH AL ABSORBERS was determined for collimated (left) and uncollimated (right) (-rays. 
Lead collimater 3.2 mm thick having central hole 3.2 mm in diameter was placed above sample; 0-15 mg, cm’ 
Al absorbers were 3.2 mm above sample. For uncollimated radiation, first absorber (0.125 mg/cm") was placed on 
sample and served as cover to prevent contamination of subsequent absorbers; absorbers were grounded to obtain 
unsuppressed count. Marked decrease in transmission for uncollimated radiation over that of collimated radiation is 
due to oblique path taken by much of radiation in passing through absorbers 
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8 BACKSCATTER FACTORS for beta emitters were determined with deep-well piston together with same hemisphere; 


amount of backscatter counted is negligible with well at least 15 mm deep. Copper sourceholder (0.020 in. thick), 
grounded and held in place by screw, is effective in absorbing all backscattered radiation of P**. Hole in shield is large 
enough to give 27 geometry for 1-mm-diameter source. Source is dried on double layer of Formvar film (1 2), since pin 
holes of single layer give poor plateau characteristics for S°’; film is then sprayed with solution of Anstac M (Chemical 
Development Corp., Danvers, Mass.) to prevent build-up of electrostatic charge. Thus mounted, 27 activity is deter- 
mined with negligible backscatter; with absorber taped under source, activity is determined with backscatter. Ratio of 
count with backscatter to that without backscatter is the backscatter factor 


is diluted with stable iodide, suspended in distilled water, and dri dl 


“lt with lead acetate as lead at room temperature 

ed suspended in methyl BIBLIOGRAPHY 

distributed in counting dishes, 
it 50° CL Phosphorus-32 

pho was diluted with trisodium stein 

phospha precipitated as MeNH,PO, v. L. Gral mar 3 itm Sa . Poe ae 

\ nting me ‘ 

air dried. Mixed fission 1951 dogo die a $87 rage 

ling og Maye Fores: xa bonsioal P "26 (Oxford University 


6H.O vashed suspended in methyl 


vere diluted with nitrates of 


Preparation of 


| I iri strontium precipitated abe a ; eh - 9 ' , a 
hete rad t 20, | 5 (1952 t t ermal 
CD. 1800 (1048 


wit! mmonium carbonate, washed ¢ films, Al 
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Developments in 
Internal Dose Determinations 


A clear picture of the basis for values in the Internal Dose Handbook of 
maximum permissible concentrations of radioisotopes for chronic exposure 
is complemented in this article by newly derived MPC values for single 


exposures and for body excretion with either chronic or single exposure 











~~Dose rote. w 
] ‘ 








FIG. 2. Build-up of total body burden of carbon-14, in- 
crease in concentration and in average dose rate in organ. 
At 6.65 half-lives in each case, 99% equilibrium is reached. 
C'' is assumed consumed in soluble form 


Penod of ntinuous Body Intoke by ingest 














FIG. 1. Relation of dose rate to body burden for con- 
tinuous intake by ingestion 


By K. Z. MORGAN and M. R, the rem 
Health Physics Division tissue/ RBI 
0 Ridge National Lal 
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Excretion Rate for Continuous Exposure 
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the body by ingestion or inhalation 
arrives in the critical body organ where 
it is eliminated with an effective half- 
life, 7 
critical organ of that in the total body 
is fo. | OF 
isotope has a relative 
RBE 
age energy dissipation in the tissue of 
Kk (Mey The constant a 10 4 and 
10°° is for respectively. 


The solid curves in Fig. 1 are plots ol 


davs), and the fraction in the 
ich disintegration of the radio- 
biological effeec- 


tiveness, and results in an aver- 


water and alr, 


Iq. 1 in which the average dose rate, 
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They indicate that radioisotopes with 


a function of exposure time, ¢. 


short effective half-lives such as Na*4 
T = 0.61 days) reach equilibrium in a 
few days; but in cases such as Sm!*! in 
which T is large (7' 3.9 104 days 

99% equilibrium is not reached until 
710 vears. For practical purposes none 


of the exposure periods are assumed to 


be greater than a life span of 70 vears. 
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FIG. 3. 


Build-up and distribution of C'' in the body and 


resulting dose when C'' is ingested continuously in concen- 


tration of 3 x 10 


exposure data 


in Figs. 1, 2and 3 


hut usually the best one 
try to extrapolate from 
riments such as the one 

| Retention in the 
have a sharp maxi- 


a broad maximum 
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FIG. 4. Per cent of ingested radioisotope 
and dose rate after single ingestion 
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is the eritical part of tl tract; Radiation Protection for the maximum 
this case, m’, ho, and / taken as 150 permissible single-exposure dose, D, the 
gm, '4%54 day, and luvs per \EPC values in water and air consumed ritical org: using Eq. 
tively.* When 7, - 5 1a) ind > over a period of one dav have been ¢al- ym and _ 11 for inhalation 
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of ingestion, the smallest value 
column 5 and A is set equal to 2,200 


em® dav. In the case of inhalation of 


insoluble dust. the proper value Is se- 
lected from column S and A is set equal 
to O.62 x » x 10° em day 


In conclusion, it should be empha- 
sized that the values given in the table 
ure very preliminary and have not been 
considered by the National Committee 
on Radiation Protection. Thev are 
based on numerous sources of informa- 
tion that were examined by the authors 
with the valuable assistance of M. J 
Cook and M. Wright of the health 
physies division of Oak Ridge National 
Laboratory. Where possible 
on, ff. i, T, 


from the Internal Dose Handbook (4 


Valles 


ete were taken 





Recent Developments in Film 
Monitoring of Fast Neutrons 


A modified nuclear-emulsion film packet, useful for neutrons up to 14 Mev, 
is proposed as a film dosimeter. Decreased fading of the latent image and a 


traverse scanning method increase the effective sensitivity of the film 


By JOSEPH S. CHEKA modified tec hnique. It comprised two 300 mrem/wk. On the basis 

Health Physics Division dental-size gamma films of overlapping 1SO00 ny, em*/sec, this comes to : 

Oak Ridge National Laborato sensitivities, devised by Pardue et al. <x | ny, em?/40-hr wk, rather 

Oak Ridge, Tennessee 1), plus a nuclear emulsion film for he earlier value of 6.5 & 10°. 
monitoring neutron exposure of per- rmissible fast-neutron (ng) expo 


suggested by Ix. Z. sures have been culculated by Snvdet 


sonnel 4 


TO IMPROVE NEUTRON DOSIMETRY, 2 organ. Its shortcomings are iIna- and Neufeld (5) asa function of energy 
modified film badge and a new s¢ ' ility to measure true dose or true The multiple-collision curve in Fig. 1 
technique have been developed ix, latent-image instabilits and low illustrates the dose in rep nye AS 4 Tune- 
| energy. On this basis, fluxes 

orres \IPE (30 mrep wk 
Neutron Dosimetry low einen ak Gham waned commmenin ened 


minum shields and cellulose 
make the film track population 
ure of dose, independent ot ¢ 
a sealed dehydrated film preserves the The maximum permissible exposure neutron sources ha heen estimated 
latent image for a longer period of time \IP] has been lowered for both or neutror ol tl Hission spectrul 
Traverse scanning improves tl thermal and fast neutrons. For ther- 
fective sensitivity bv a factor of ten mal neutrons (n, Snvder (4) has eal- 

The film badge used t tl DO lated a permissible exposure in the 


tory has pointed up the need f ; inge of 1,712 to 1,951 ny,/em?/see 





TABLE 1 Effect of Phantom and Incidence Angle on Fast-Neutron Response 
f the fission spec 
k given in 1950 
Personnel dosimetry for fast neu- 
trons. The determination of the 


in the field i 


Normal position (A 
No phantom 
| 


] 7 
Parallel position (B 
No ph imtom 
1 
l D 
Shielded position (C 
1.5 


Seatter from root 
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FIG. 1. Calculated neutron dose curves 
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of paraffin of 16-cm diameter. 
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The 


vere placed 4 em, 2 em, and 1.5 
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presence ola evlindrical 
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shows the phantom, 


source positions. 


m the surface of the phantom in 

and parallel positions and 
The 
sition is the spacing due to 
the 
the 


the shielded position 


tl and fixes 


‘ badge 
separation from 
ol all exposures, eX- 


cent response with re- 
sure normal to the beam 


Fable 1. 


and 


utron density is a function 


consequent 
rer-average-energy 
7 having nu greate! 
from Po-B. 


ix less than back- 


til Traction of neutron 
e phantom, the frac- 
Increusing energy, 
scatter remains a 

on the separation 

m the body surface. <A 
value can probably best 
by calibrating films 


phantom set about 


is probably not as 
The 


at first appear. 


, No. 6 - June, 1954 


badge is ordinarily worn on the chest. 
while a source is being 


the 


Thus in general 


manipulated, it monitors region 


of highest probable exposure. During 


a lengthy exposure, the experimenter 
moves about in the laboratory so that 
when the film is partially shielded, the 
corresponding part of the body is like- 


shielded. Thus 


: 
average dose is usually 


wise i representative 
measured 

effect of angle of 

Po-B 


neutron sources was made, 


To determine the 
incidence, a set of 
and Po-Be 


using the standard badge. 


exposures to 


The series 
consisted of placing the plane of the 
films normal to the beam, parallel to 
the 


posure. 


beam, and rotating 
With the Po-B 


response at paralle lincidence was about 


63° % that at 


during ex- 
the 


source, 


normal me¢ idence and 


response when the f rotated during 
about 72° of that at 
the Po-Be 


rave about 


was 
incidence With 


exposure 
normal 


ll.! 
source paraner exposure 


50°] and rotated ¢ Xposure gave about 


65° of normal exposure 


Since the backscattered neutrons are 


recorded by the film, in addition to the 


primary ones i first-collision dose- 


tvpe response should give a closer 
approximation — to dose than 


would the curves o vder and 
Ne ufeld 

The first-collision dose curve (10) was 
latest avail- 


The 


en- 


revised on the basis of the 


able cross-section values 11 


calculation included only neutron 
ergy transfer due lastic collision 


with all the atomi 
soft 


cles present in 
Lea 12). 
ive shown that 
with Li-D neu- 


tissue, as ven by 
Gray and Read (13) hi 


other nuclear processes 


50cm 


FIG. 2. Phantom arrangements to study 
shielding and backscattering 

contribute less than 1¢7. and 
Snyder Neufeld (4 


puted that the thermalized component 


trons 


and have com- 


of fast-neutron beams contributes to 


maximum of OS®, at lO 


at O.4S Mey 


the dose a 
Mev and 4% 


presents the old and new first-collision 


igure 


dose curves and shows their relation to 


the multiple-« ollision dose curve 
NTA film as a dosimeter. The NTA 
film in the standard dental-type packet 


measures thermal neutron dose fairly 


reliably. Since the nitrogen content of 


the emulsion does not vary appreciably 


and the film base and wrapper have 


nitrogen the 


due to the 


negligible amounts of 
proton track 
N'4(n pa 
batch to 
portion of the 


population 
‘reaction varies only slight! 
from batch. The 


In a badge 
neutrons ana 


! 
thermal 


eliminate thermal 


sequently protons induced b 


neutrons from the portion of the film 


measuring Tust-neutrol 


other hand 


used lol 
On the 


trons. the production of recoil pro 


with fast 


is a function of energy because 
variation both in collision ero 
and proton range with ene 
recoil-proton tracks Comprise 
1. Protons 0.25 Me 
formed in the emulsion 
2. Protons formed in the 
base and entering the em 
residual energ) O.25 Ne 
3. Protons formed in 
per o1 other extraneo 
material, and = re 
with an energ\ é 
A proton of 0.25 Mey 
required to generate : 


grains—the minimun 











thick hvdrogenous radiator. The or- 
nic substance in front of the emulsion 7 


_ Sm an 
totaled 227 mg em*, which is approxi- Ch ese ot te ee Oe 


~ . 


14 Mey thick in terms of proton » i Tyng 
< 


Ditrary Units) 


Calculating fraction 3 for the 
ge above 4.37 Mev, one ob- 


of Fig. 3 as the proton 


ntribution of this radiation when the 


issue Dose (A 


tron flux is normal to the film base. 

gure 3 also illustrates the total re- 

his badge, indicating that 

value per neutron at 14 Mev 

nost twice that called for by the 
ision dose curve, 

radiator must be designed 

it enough protons are supplied 


neutrons of 3.5 to 14 Mev to com- 




















ite for the discrepancy between 


mposite of curves land 2andthe  FIG.5. Effect of relative humidity on latent 


FIG. 3. Neutron response of unmodified 


film badge image stability 


e in this range, vet not 
nition As will be shown I I ! pial is In the total response curve ol make the film response correspond to 
of track densitv with energ aitte! ig. This can be done by using : first-collision dose curve An ex- 
from the dose-rate ' on with en hvdrogenous radiator, such as an un-— ¢ fit can be obtained by reducing 
ergy and depends on t surrot : iper, shielded by a nonhvdrog- he film-base thiekness from 0.008 in. 
medin With appropi iodifica- enous substance, such as aluminum to 0.006 in 7.9 mg ¢m? (3.3 Mev 
tions, the method of Hurst a | Paper is chosen as the radiator because then packas g with ‘ral lavers of 
for caleulating the response ol ( = largely pure cellulose and, there- tluminum and paper Zz ‘response of 
iIng-rate neutron dosimeter, is applica- fore, its response can he calculated to packet is shown in Fig, 4. 

ble to the evaluation of film response 1 good degree of approximation, and ussion of this modification with 
The track population due to protons t is available in any thickness. Alu- J. Spence and W. F. Swann of Eastman 
generated in the emulsion ma M- I nud Is chosen as the nonhvdroge- OWdakK Ss research personnel disclosed 
puted in the same manner f no substance because its capture it, besides introducing rather diffi- 
the hvdrogenous was in cl ! cross section is small for moderate and manufacturing problems, a film on 
Curve | in Fig. 3 i- plot of track energy neutrons, it is available in t inner base would be more subject 
neutron as a function of y iny thickness, and it is a flexible metal ocurland, in general, more difficult to 
emulsion laver. ection 2, ah sy to handle indle compromise packet was 


protons generated | , n | The shielded-radiator method pro- issemb] using > original film base 
(curve 2 in lig 3 ! ) »> th «he i means of calculating the proton } Ick ! ha packet is 
response of a propor i eountel ontribution ol each hvdrogenous lave placed in bree vit] additional 
with a thin-plane-slab proton radiatot f such a radiator. The shielding ( 1 radiators, as shown in 
If curves lo and 2 at ded vin properties of the radiator can be calcu Tab he ‘sponse represented Dy 
the response of the emulsion w nh eX ited by the method of Hirschfelder ( oil ig. 4 is obtained This 
posed through the filr fur nd Magee (74), and aluminumeshield = ew does not deviate more than 10% 
tion of Ey, the shape of t] compo uicknesses can be evaluated from Irol e dose curve it inv energy 
curve (not show: DProNXil - the Bethe’s proton ranges (15 Specifica- ion, and only a few percent through- 
dose curve fairly ip to A tions for such laminations can be out m« f the ge, tl n general 
Vey Beyond th rg t} re- determined to accommodate anv neu- 
sponse deviates from » ao nergy tron energy of established dose rate 
curve, the dose becomit ton ! rol \ ecaleulation has been made of the I sneld and radiator laminations 
k>7 Mev. This is the pe of 1 idiators and shielding required to — listed in Table 2 are symmetrical to the 


= POrise that would | btained if t plane of the emulsion Thus, while an- 





film were complete tron rular independence cannot be achieved 
externally produced itor on- . respo ina reversed position is equal 
hvdrogenous substances e sou o . t BF o that of normal incidence In this 
of traction 3 of the t ' tion 1s F é fe Wii he onentation of ne badge he- 
treated as a shielded r, t Respor requested Col ‘SS Important 

shield thiekness being e) late t 3 § = 5 peer completely directional 

terms of the energ ( t 1) Ol} fe packet ified badge mate response check 

that just can 


The film base is 











In the badge us 5) t} ty 1d oO! tthe old pack nan unmod- 
source Ix- 


film wrappers ss © Si Lom FIG. 4. Film response fitted to calculated 
placed before the film s ( first-collision dose pected ‘re calculated on the 
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‘ - Pspec (S) ‘al- “ cible. d co ro se arrangeme 
Po-Be spectrum (8). Cal TABLE 2—-Final NTA-Film Packet ducible { compromise arrangement 


ponse of the new packet was was then tried. Reverting to the 95> 


f the response of the old badge. Energy of oil-immersion objective, and using 


unt gave S4.8 + 7.3% vroton whose 10 wide-field evepieces, the traverse 
fi / t 


ange equals method was retained. This combina- 
Latent Image Stability cumulative tion gave a field diameter of 0.019 em 


(hickness of Thus, if the stops are set to allow a 
/ 


Che relative instability of latent im- 
n aterial 0 


travel of 1.51 em, the area seanned is 
0.028 em?, or 12 times that of the 12- 


f tracks in nuclear emulsions has 
7 ; é emulsion 
i troublesome characteristic of , 
rn Vateria cn Ve : 
m dosimetry. The low sen- field method With 2.500 tracks em 
vuclear films could be en- Cellulose about 72 tracks appear per traverse 
longer exposure veriod, or front fil Including time handling, the oy 
| | 


emulsion could be de- Aluminum 5 j time required per film is only 


ndicate an integrated Cellulose ete twice that of the older method 


Cellulose Random “background” tracks, due 


irly measurements (3) in- 


oss in track populations film Wrapper a to cosmic rays alpha active contamina 
(Aluminum * : 
~ if fission neutrons were tion of film or wrapping materials, or 


Film base , . ’ 
a 12° correction ts j diffusion of radon into the packet are 
emulsion rages 
ration values to allow for Monk Glin® 98 5 » minimized by this method 
loss in the course of the Aluminum * . 
Conclusions 


is are being worn Cellulose 


rs (16-18) have noted film wrapper)” | ) The unmodified neutron film badge 
itive humidity is a major Cellulose and packet is sufficiently accurate as a 
| latent Image loss The \luminum , ‘ practical dosimeter if used to monitor 
ffect was tested. After a Cellulose exposure to neutrons of the fission spec- 
posure to Po-Be neutrons, a * These constituents are present is » trum, where the percentage of neutrons 


Ss Was stored ut 24 & and packet as sup : ur nus mt above 3.5 \ley is small, or to monitor 





e humidity, while another Po-B neutrons, which group closely 
is stored at 24° C in a desicea- posure The wa of one field is 2X about 2.5 Mev, where the response 
Drierite” and periodically 10-4 em?*, and the area scanned in each — curve corresponds to the dose curve 
Results of these tests, to- case is 0.0024 em As one week’s The modified film packet in an un- 
earher results for storage at \VIPE of ny produce : x 10 3.0 modified badge vives a response that 
nbient conditions, appear — 10*® tracks) em ich an exposure is In- does not deviate appreciably from the 
As can be seen, controlling dicated by Gor 7 tracks in the total area dose curve below 10 Mev, and conse- 
humidity at 50% increased seanned. A week's MPE of ng, pro- quently may be used to monitor expo 
1 of 50% of track popula- duces a slightly larger track density. sure to neutrons from a Po-Be source 
tbout 20 davs under uncon- In either case, the statistical reliability where only a few per cent of the total 
litions to about 50 days. is poor and an estimate of a fraction of neutrons have energies greater than 9 
films retained well over «a week’s MPE is meaningless. Mev. However. for monitoring neu- 
ks at 74 days the end ol The Improved tec] nique consists ol trons inthe range of LO to 14 \ley such 
If one compares the scanning a measured traverse instead sas mav occur in the vicinity of accelera- 
loss, a more practical of discrete fields Chis method elim- tors, it Is recommended that the mod- 
at 5. 16. and 64. = inates counting the number ¢ ified film packet be used in the modified 
VEL Thus, desiccated seanned, and also since the traverse | badge, 
nerease the monitoring essentially a paral elogram, minimizes BIBLIOGRAPHY 
ng better statisties. uncertainty due to edge effects 1. L. A. Pardue, N. Goldsteit 
; MDDC-1065 (1044 
sture-proofing of the films First a 44& ah objective and two Sa ctacke, Smeeeiaee - 
" 71, 836, (A 1047 
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plished in one of two 10 wide-field evepieces were tried 
d to desiceate and sealeach = of 0.045 em When the stage stops 
an airtight badge con- 


int eould he devised the area ol thre traverse was 0.05 em. 


This is about 20 times the area of the 

Reading Technique 12-field method, and with 2,500 tracks 
The roscopy technique used at em? (due to one week’s MPE), 125 
Ridge National Laboratory (3 tracks are counted rather than6. This 


reading 12 diserete fields combination was found to be repro- 
Cad-shielded and the un-  ducible to within statistical accuracy 
tion of each film, using a when tested by three independent ob- 5) 4" 4. Beth. 
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between readings is consid- fogged or the tracks had degenerated 
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Betatron X-Rays: 





How Much Concretefor Shielding? 


Here are the data needed to calculate thickness of concrete for shielding 


betatrons operating at energies up to 38 Mev. 


Comparison of data with 


theory indicates the possibility of extending the calculations to 100 Mev 


By FREDERICK S. KIRN pton 
and ROBERT J. KENNEDY efromo.1t 
Radiation Phusics Laborato , 
National Bureau of Standa 
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FIG, 1. 


Plan view of experimental layout 
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nd the 


pparatus 


unknowt 
_ the dose rate beh 


rods were i! Cs 
range 
their maximum and mini 
WHS SO low that long eX POSUres 
} 


terms ol 
ve been necessary to get read 


thickness in 
The attenuation 


then plotted using the 


mide 


deflections by the usual method 


fore, a method was devised to in- 
estimates with a resulting , 
se the readable range of the cham 


ot + 22 in determining the 
a factor of 10 by measuring the 
in the ranges between 42 in 


os : | inges in charge instead of the 
The effective thicknes 
harge 


slabs in terms. of 


147 Ib, ft®density was 


crete 


technique of mensuring this 


irge dillerence ts 


simple in principle 
weighing each block and : : 


Allowances 


volume and 


| VO condense type ¢chambers ol the 
men 


weight ot 





foreing rods 


Radiation Instruments 


Radiation instruments 
monitor the primary b 
ure the transmitted beat 
ive Called monitors and the 
culled detectors 
Thre 


were used to co 


Detectors. 
tors 
ionization rates, whiel 
esu/em® min to below 
em main 

Conventional 200 
por ket chambers were 
range from lO to LO 2 est 


mr Victoreen chambers 


to 5 x 10 ‘esuo em Ii 
ified 


10 esuucem 


10-mr chamber from | Od »& ~ 20 40 #60 
TI ; ’ Concrete Thickness 








hilt 





are basically integrating 


FIG. 2 


concrete 


Attenuation curves for 147-lb ft 
rend total dose delivered 
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same electrical cupacity were charged 
to the same voltage but with opposite 
One chamber was placed in 
field and 
discharge. Then the 
the fully 


polarity 
the radiation underwent a 
slight center 


electrodes of charged and 
slightly discharged chambers were con- 
nected together. The resulting charge 
on the system of condensers was equal 
in quantity but opposite in sign to that 
lost through discharge in the radiation 
field. This net 
with 
The 


tional to 


charge Was measured 


vibrating-reed electrometer. 


observed deflection Was propor- 


the charge and, in turn, to the 
lonization produced by the radiation 


rhe electrometer was calibrated di- 


rectly in terms of esu‘em®, The charg- 


150 volts 


- of approxit 


imbers Ww 


constant to 
n 1LO0,000 chambers 
ipacitv by 


the divided- 
method 


by the 


is compared 
other methods. The 
in this 


incertainty method is due 


» the erratic leakage rate 


detectors and the variation in 
placed on the condenser due to 
et capacitance, 
hambers were all calibrated in 
Leakage tests were 
ind in chamber 
hour cted, 
Monitors. Fluctuations in betatron 


output made it necessat to monitor 


Yposure lor Thus purpose nN 


Victoreen 


D-r, and a 25 
‘Tre located ut \ { positlons 


betatron 


barrier 


ol to one te i the center 
measured Dy 

Yposure Wis 

the number 

collected in standard 25-1 
Chamber covered with a 
eap and placed in the center 
rav beam and at the same dis- 
om the target as the detectors 
ation factor then was cdeter- 

‘ho monitor 
The monit 


j operat- 


Mary standards o 3 hi hh the 

rending behin DArrielr 
compared £ cham- 
O-r and 0.25-r size) were 
the beam 


first set The 


mn the opposite side of 
heck on the ratio 


eadings of the two 
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sets Wis sen- 
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+ 
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78 in. of 
concrete 


DS 


oO 


Per Cent of Maximum Reading 
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oO 
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FIG. 3. Distribution of dose behind bar- 
riers. Target-to-detector distance was 
611 cm (38 Mev) 


sitive to any shift in the beam position, 
The 
held 


% by means 


Energy measurement, control. 
betatron 
stead) 


operating energy Was 
within less than +1 
of a recently-developed energy control 
device (7 This device was calibrated 
in energy against known photo-nuclear 


thresholds. 


RESULTS 


The results of the attenuation meas- 


urements are presented in) graphical 


form in Fig. 2. The ordinate is the 


ratio 1) Do, where D is the absorbed 


n air directly behind the barriet 


dose 


ata given distance from the target, and 


Dy is the dose calculated for a Lucite 
cube at the same point with no barrier 


present see section on “units” de- 


Lucite cube used to obtain 


seribing 
equilibrium).  IE-xperimentally, Do was 


obtained by 2 


25-r chamber 


lead 


means of Table 1 (4), 


exposing 


covered with a= '¢-in. and 


the Nh hy 


eap 
convert- 
ing the readings to the values expected 
in 11.5 em Lueite cube. 


Inside 


The ratio DD Do may be expressed as 
/ 


DD 
dR; 


where d and dp are the corresponding 


specific ionizations (esu, cm*) measured 


by the detector behind the barrier and 


by the monitors on the side of the unob- 


structed beam. FR is the calibration 


fuetor experimentally determined for 


ene hi ionitor at each operating energy, 


ind is the ratio of the readings of the 


lead-« ipped r-meter at the center of the 
beam and of a monitor at 


open given 


“monitors” 
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one side of the beam (see 


10 15 20 
Target to Occupied Space (ft) 


FIG. 4. Change in transmission as function 
of target-to-detector distance. Each point 
is an average of data taken at 38 Mev with 
concrete barriers 24 and 42 in. thick 


Values of fe, tabulated in Table 1, 
vert the standard r-meter reading with 


a dead cap to the reading in a 11.5-em 
Lucite cube. The abscissa (Fig. 2) is 
the thickness of the barrier in inches of 
concrete having a density of 147 Ib, ft® 
Attenuation 
for operating energies of 6, 10, 20, 30, 
and 38 Mev are 


(2.35 gm/cm*) curves 
plotted on the same 
graph. Because of the lower output of 
the betatron at 10 Mev, these 


curves could not be extended as far as 


6 and 


the others. 
The use of the curves in shield design 
is straightforward. It is necessary to 


measure the dose rate from the ma- 


with no barrier, 
the 


r-meter embedded in Lucite or from an 


intervening 
either 


chine, 


using readings from an 
r-meter in a lead eaup corrected in ac- 


A knowledge 
of the weekly work load, and the per- 


cordance with Table 1 


missible weekly dose will determine the 
attenuation required. Thecurves then 
the thickness of 


quired to provide this attenuation, 


indicate barrier re- 


Angular Distribution 

The 
sharply defined and 
the 


useful beam of a betatron is 
particularly for a 
fixed installation main shielding 
a small area 
Thus, it 


beam size 


can be concentrated over 
determined by the beam size, 
is important to know how 
varies with the thickness of the barrier. 
That some increase with thickness will 
occur is to he expec ted from the broad- 


Accord- 


the distribution of dose behind 


beam build-up phenomena. 
ingly, 
the 


thicknesses of concrete 


barrier Was measured for several 


7) 
| Wwure oO LIVES 


results for O, 54, and 7S 


at 38 Mev.* 


the 
barrier 


Target-to-Barrier Distance 
the 


through a barrier may be expected «as 


Some change in transmission 
the distance bet ween barrier and source 
(target) is varied. This is due mainly 
to changes in geometry influencing the 
broad-beam effect 

Figure 4 shows the change in 1/19 
plotted as a function of the distance 
between the target and the far face of 
Was lo- 


the barrier where the detector 


cated. The readings were normalized 
to the value of D/ Do» at 20 ft 
the results at 24 and 42 in 
identical, average values were plotted. 
that D Dy < 1 for 


distances less than 20 ft, and that com- 


Since 


were nearly 


The data show 
putations based on the curves of Fig. 2 
will err slightly in the direction of pro- 
viding over-protection. For distances 
greater than 20 ft, extrapolation indi- 
cates that DD Dy > 
be introduced in the Opposite direction, 


1 and an error may 


However, it is to be expected that the 
slope of this curve will monotonically 
approach zero at) target-to-occupied- 
space distances that are sufficient to 
provide maximum broad beam condi- 
Thus 


about 


tions, the error will probably 


not exceed 20°, tor target-to- 
occupied-space distances less than 30 to 
1 it. 
rier Computation amounts to less than 


2 in. of concrete. 


COMPARISON 


During these experiments, the beta- 


In either case, the error in bar- 


tron could be operated only up to 38 
Mev. 
possibility of extrapolating the data for 


Consideration was given to the 


use at higher energies. 

The narrow-beam attenuation curves 
of Fig. 5 were calculated for photon en- 
ergies of 10, 40, 70 and 100 Mey. The 
lust identical. To 
check the computational method, the 
10-Mey 
pared with experimental data obtained 
at 38 Mev. While not 


fectly, the curves are similar except for 


three are nearly 


narrow-beam curve Was com- 


agreeing per- 
a uniform displacement corresponding 
| half-value laver of conerete 
thicknesses > 20 in. 


Accordingls ’ 


to about 
~5 in.) for 

it is rensonable 
* Tnerease is not 

pending on type o 

See, for ex 

Hofstadter vho 

154-Mey ¢ 


copper indieate a le ‘ pre id 


radiation 
Kantz and 
ments with LIS- and 


boevcanns 





sume that the 3sS-Me 
data may be applied for 


100 Mey 


tainty greater t} in |} 


Without introdu 


in barrier Computations 
A more Cony 
experimental 
made by direct enleul 
mitted intensity follow 
developed by Spencer 
This) caleulation 
parallel beam of N-ra 
infinitely-extended barrier 
ligible smount of photon 
of the incident face The 
can be simplified some 
only in X-ray dose at 
rier. This dose is 
reduced transport equation 
ical integration methods 
A comparison of exy 
ealeulated attenuation « 
in Fie. 6fora betatron energ 
It mitist be pointed out 
theoretical curves it was 
the dose or energy absorbes 
depth enme from the X-ra 
at that depth However 


tutron energies the range 


trons resulting from the disap) 


of the photon is significant 
the mean free path 0 
Thus, the energy absorb 
erete froma given photon 
along the patl of the elec 
effective penetration of tl 
energy is therefore s| vlit 
The dec 
tive attenuation penetrat 
alent to that of about 0.5 
crete for 30-Mev betatror 


shown in Fig. 6 


SUMMARY 


The data presente din tl 
vides information to caleu 
protection from the usef 
tatrons and betatron-sv1 
erating in the energ ’ 
and 3S Mey Data ares 
able above SS) Ma 
with theoretically obtaine 
entes that the 3S-Mi 
five nm good first 
concrete 


tenuation 
Table 2 shows 
for representa 
output for se) 
vet to occupied 


Ihe enerete 


¢ +} 








38 Mev 
experimental) 








L 








FIG 


g 


). 


Narrow beam attenuation curves 


FIG. 6. 


Broad beam attenuation curves for 


a 30-Mev betatron 
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FIG. 1. Electromagnetic pump for 
the SIR's primary coolant system 


Testing Electrical Insulation 
tor Use in Gamma-Ray Fields 


Submarine Intermediate Reactor's coolant pump will be subjected to gamma-rays 
from sodium. Tests of voltage breakdown, mechanical properties, and gas evolution 
of irradiated samples indicate that a silicone-resin-impregnated mica and glass 


tape insulation will be satisfactory up to 10''r if it is not in a sealed container 


By CLIFFORD MANNAL 
Ay lio Power Laboratory* 
Se} \; Yor! 


ULATION used in the — coolant circuit (1-3 Laminated mag- for an appreciable time. Thus 


it Is 
diate Reactor’s pri- netic structures jus bove and below lmiportant fo preserye and predict 
» will be subjected a l-in.-high, 24-in.-thick duct in the — insulation life 
1 from the liquid- | pump are energized to move the sodium experience with 
‘hus, development by the interaction between the mag- has shown that 
the effects of netic field and a irge current that cellent radiation-1 
i radiation on elec- flows across the duct Although the high 
‘his article reviews Insulation. Because the sodium be- quirement dictates an 
ys comes thermally hot and = intensely ture with as littl 
| shows the electro- radioanetive during its passage throug! possible, some org 
that will circulate the reactor, the stator insulation 1 added to provide 1 
he reactor’s primary subjected both to hig! mperature and properties It 
intense guinn rad Pump re- cone-resin-based 
t th ner placement will be difficult and costly most likely candid 
. Ate : ane , ome wees once the reactor has b pin operation tion Thus t! 
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study has been on either glass and mica 
structures impregnated with silicone 


resin, or on silicone resin films alone 


Sources 
Table 1 shows the radiation sources 
used for these experiments. In the 


SIR, the insulation will be subjected to 
primary gammas of 2.76 Mev and 1.38 
Mev. 
at an intensity 10,000 times lower than 
the photon flux. Although it 
desirable to subject the test specimens 


Fast neutrons will be present 
was 


to an identical flux, no such source is 
available. Thus the difficult problem 


of extrapolation between quite dis- 
similar sources was faced, 
Rate effect. 


sume that the significant parameter is 


It is customary to as- 


the total energy absorbed by the mate- 
the 


For small total dosages and 


rial as measured by integrated 
dose (7). 
for low rates, this seems true in many 
cases. However, the equivalence of 
a dose delivered at a very high rate to 
the same total dose delivered at, say 
one-thousandth of this rate has defi- 
nitely not been proved. There is evi- 
that 


sults can be obtained. 


dence measurably different re- 
However, this 


study assumes the equivalence of equal 


doses independent of the rate of 
accumulation. 
Beta gamma equivalence. Since 


the primary effect of electromagnetic 


irradiation is fairly justified. As long 
as the electrons appear in the material 
with a given energy, it is not too im- 
portant how they got there or how they 
received their energy. 
Neutron-gamma equivalence. 
indicated 


Pre- 
that 
a combined neutron and gamma flux 
than the 


This caused reac- 


liminary experiments 


is much more destructive 
gamma flux alone. 
tor irradiations to be of limited utilit,s 


for these tests. 


Dosimetry 

Accurate high-level dosimetry was 
needed to determine accumulated doses. 
Further, because much of the insula- 
tion was (and will be) wrapped around 
copper and surrounded by iron, it was 
desirable to determine the actual dose 
received by the insulation in situ. 

solution 
PVC dvye- 


impregnated films (8) were extremely 


A ferrous-ferric sulphate 


dosimeter was used most. 
measurements 
A scintilla- 


tion counter also was used (9). 


convenient for very 


near the conductor bars. 


Samples 


Irradiations were conducted on four 


kinds of samples: a faesimile stator, 


voltage-breakdown samples, abrasion 


bars and resin films. 


» 


Figure y the disassembled 


stator constructed with a winding that 


shows 


simulates the insulation of the electro- 





radiation of the energies under con- 
sideration is to produce Compton magnetic pump. For assembly, the 
recoil electrons in the material, a direct stator was slid into an annular con- 
equivalence between beta and gamma _ tainer and a watertight cover was 
TABLE 1 Source Characteristics 
Optimus Pemeeear {mbier 
Source sam ple lose rate Vormal Changes 

Gk Res. Lab 2 in. dia 10 hi . 20° C air possible 
extern. beam 0.040 in. thick 

o~l 
Oak Ridge 6 in. long 10 hr 20° C air difficult 
reactor Slo im. sq. or 10!2 nem? sec 

2 in. dia 
Brookhaven in, long 5 1O*r hr 160-180> ¢ diffieult 
reactor Slo in. sq. oF 5 10’? n/em? seeTt air 

2 in. dia 
HkeW diseh Sin. long | 105 r hr?z 20° C water practica 
fuel elem 1°. in. dia 
MTR disch 10 in. long S Of’ r hr? 20° C water practical 
fuel elem. (5 3 in. sq 
KAPL 3,000-¢ tin. long 2 lO’ r hrs 20° C water practical 
Co® source (¢ 1's in. dia 

annular volume 0) Or hr 

*0.8-Mev peak sinusoid ' : pe +1 prod pe 3 


and 1.17 Mev 
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The entire assembly 


bolted in place. 
was placed over the Co source and 
the winding energized to obtain normal 
magnetic vibratory forces and copper 
temperatures. 
Voltage-breakdown 


samples, con- 


sisting of narrow bars of glass-cloth 


laminate impregnated with silicone 
resin, were wound with nickel foil and 
covered with a few laps of mica-tape 
insulation SR-32 resin as a 


A number of these specimens 


using 
binder. 
were placed in the center of the Co" 
pit in a gas-tight aluminum container. 
These were periodically removed and 
foil 
wrapped around the outermost insula- 
tion Voltage this 
and the central foil was used to break 


an external aluminum electrode 


between 


applied 


down the insulation. 
Abrasion 
square aluminum approximately 4 in. 


bars were pieces of *¥-in. 
long on which mica laid on glass-tape 
insulation was applied. 

10-30 mils thick) 


Thev were made by 


Thin resin sheets 
also were tested. 
curing resin films on 


casting and 


metal plates. 


Electrical Effects 
The quantity of primary interest was 
the abilitv of the insulation to with- 


stand applied voltage after a large 


accumulated radiation dose. Figure 
3 shows the test. 
Unirradiated samples failed at break- 
6.6 and 10.7 


This range defines the nor- 


results of such a 


down voltages between 
kilovolts, 
mal range of variability of the samples. 
On the basis of three samples broken 
10°-r hr irradiation, 
breakdown 
This 


will be 


down after 2.4 


no reduction in voltage 
was detected up to 1.2 K 10! 1 
indicates that the 
satisfactory for the SIR pump. 

The 


electrons by 


insulation 
liberation of large numbers of 
gamma absorption con- 
could provide initiators for an 
Breakdown then 
applied fields 


ceivably 
avalanche process. 


would occur at lower 
10-12). 


short-time voltage breakdown on For- 


Figure 4 shows 60-cyvcle, 


Formex used for 


mex-insulated wire 
experimental convemence at room 
temperature. The fact that voltage 


breakdown for irradiated specimens was 
substantially the same as that for spec- 
irradiation indicates 


imens not under 


that electron-liberation has a very 


effect for the case of interest. 


nino! 
A further 
this 


experiment to shed some 


light on was carried out 


process 


external electron beam 
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using the 























FIG. 3. Short-time breakdown voltage as function of accumulated radiation 
dose for glass-backed mica tape impregnated with SR-32 resin 
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FIG. 4. Short-time, 60-cycle breakdown voltage on irradiated and unirradiated 
Formex insulated wire at 20° C 


FIG. 2. Test stator whose winding simu- 
lates electromagnetic pump stator 
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FIG. 5. Current passing through resin films as function of accumulated radiation dose 


because tive nature, this technique was not 


broken 
a second sample of different thickness 


Two thin films of resin were — sililcone-resin curve ts 
thin 


As shown in Fig. 5d, 4 


Pacts 


contained between very oute! fruitful for the resins of major interest 


tluminum foils. Was used. at this time 


central foil was maintained at a posi- These results were corroborated by 


Mechanical Properties 
The 


lation are 


tive potential and the current flow from — measurements on the stator windings. 


the central foil to ground measured on — Resistance and power factor measure- mechanical properties of insu- 


ments on unirradiated insulation and next in importance to the 
on the stator after 6 & 10°1 
the normal range and actually show a ot 
slight alter 


This is undoubtedly due to the evolu- 


a microammeter. A certain number 


of the incident electrons terminated on are within — electrical properties. The evaluation 


which mechanical properties are 


the central foil and thus produced a 
current in the 
d the total sensitivity of 
ment. If the 


Irom an 


and de- improvement irradiation. necessary, and to what degree, is a 


the 
had 


hon- 


stati eireult 


crease question that has never been settled on 


insulation tion of water and solvent vapors and — a quantitative basis 


expel 
to additional poly merization. An empirical method of evaluating 
Although 


ments have been used extensively to 


hanged essentially 
comparable kinds of insulation ts 
vided by an°* 14-16). 


The total number of turns required for 


conducting to a conducting state unde factor messure- pro- 


the field, 


Increase 


powel 


the influence of radiation abrasion tester 


there would have been an determine changes in molecular struc- 


ture (1/3), our extensive measurements — a striking and rubbing motion to cause 


the 


rent as irradiation continued. 


il nerease was not observed, from low audio lrequencies to failure is a measure of the abrasion re- 


sistance of the insulation Figure 6 


vas concluded that the specific 
the did not 
catastrophic decrease for 
to 2x 10*r. The 


itv ol material 


lations up 
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megacvele range on thin films of resin 
in various stages of irradiation showed 
In spite of 


no consistent variations 


its ease of application and nondesirue- 


gives results of tests on specimens 


irradiated in the Oak Ridge and Brook- 
The 


conclu- 
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haven reactors general 

















TABLE 2—-Summary of Gas Evolution from Various Samples 


Quantil 


Resin wt. (gm 10 


Added heat 


irradiation N 


eure 


Comparison with pump 


winding mil 
Radiation from ( 


Irradiation 


equi iVg 


pump days ra 


Irrad 


temp. ( 2) 


Total gas evolved mi 54 


Cains tactor emi eg (1) eA 


day =< gm 


Cas retention. by nsul 


structure 1] 


Cias analysis (CH | 
('O) 
I 1. 23 
C.H, Nor 
\ylene 0.19 


Sa ; 
( 0 S/ 
} Su 
None 24 day 


None 








) (0) race None 
Major uncertainties Dew Mass spectrom Corr. for le 
nal., rad. level gassing by top 
gask. in stator can 
TABLE 3- Gases Evolved* from Impregnated? Glass Tape During Gamma 


Irradiation} 


Yes 
Yes 


Yes WD 
No 51.8 12.0 1] 


No No iz .a 0 4 2 
No Yes 1.9 10 7 s() 
* Approximate On r ed pe 
Nitrogen pressure over sample ealed N 


t With 3.25 wt 


t 4 10% r accumu 


0 ¢ ae 11.0 
11 S 2.0 6.9 
) t) - 19 6 
19 | 14 93.6 
MT I 


/ 
ey 
12.1 
10.3 
05.5 








TABLE 4-- Gas Evolution from 10 


1 mon ou ‘) 

0 min Oy 

10 min Lao 0 2 

7O hr Mo 0 0042 
> hr 150 

16 hr 220) 


mm Films of SR-32 During Pyrolysis 
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mech 


sions are that inical properties ol 
silicone-resin-and-mica-tape insulation 
are not particularly affected by 30-day 

ition at 160-180° C, but 60-day 


Irradiation at this temperature greatly 


irradi 


reduces mechanical strength 

It is felt that 
should thousands ot 
that 


turns 


generally insulation 


withstand turns 


ore failure and any withstand 


hundred will not be 


OnLy i lew 


rectory The significance of loss 


satis! 


of abrasion resistance as relates to life 


of the insulation 


insulation after the 


has been installed will depend to a vers 


{ 


large degree on the individual piece ol 


equipment. which in- 


| Equipment in 


sulation has reached a condition that 


would give a very low. abrasion-re- 


sistance measurement can give long 


reliable service under severe conditions. 
Thus, this change in abrasion resistance 


should not be interpreted in terms of 


proportional decrease in insulation life. 
The 


papel 


the phosphoasbestos 


behavior of 


shown as a range of values) Is 


extreme interesting. This material 
mnitiall pool apparenth suffers ho 
further deterioration and in its final 


condition is apparently superior to the 


silicone 


resin and mica tape 


The entirely empiri esults of the 


m tester and the inability of a 


ibrasic 


device of this kind to evaluate the 
VeuK nk i.e., the resin) in the in- 
ilation structure has led to an investi- 
gation now inh progress It is believed 
that more useful information can be 
derived trom study of penetration times 
of st n thin films of resin irradiated 
! the external electron bear 


Initially t was believed that con- 
Slade! ible nsight into mechanisms ol 
decomposition could be obtained by 
study of components present in the 
esin otf-gues Table 2 summarizes the 
first ta obtained Two cts were 
( dent l evolution of gas Was ol 
sufficient magnitude to cause concern 
in senled container; 2, the “‘signa- 
ture f decomposition products wis 
substant different from one sample 
to the next While some small differ- 
ence ePLTEt vere anticipated the 
lifferences in kind that were observed 
sec ( eyvond an CHUSOnUDLE mit 

\ ste itic approne t the p )- 

tuKken Db ittempting to isolate 
Sivl nt ariaibies as sli nin Table 
, \) ( ) t t prestuliie i iriubles i- 
the catalyst, in this case about 3!, 
VE { of zine octoate added during 
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a —- ——— —— Unirradioted, cold controlled 
——-———-=—uUnirradioted, heat oged 30 doys, 160-180 C 
, 05x10"? | Mev 0/cm2/sec, 25 ( 

e a : vl2 4 c ° 
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FIG. 6. Effect of radiation on abrasion resistance of 8-mil thick insulation tapes 


final formulation of the resin to “body ”’ — process is substantially different than Department had samples prepared according 
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RADIATION STERILIZATION IX 


ae 


Radiological Safety in 


NO 


Cathode-Ray Sterilization 


Conservative estimates and assumptions based on the limited data now available 


are used in calculating shielding requirements for a hypothetical 3-Mev 


sterilization unit producing 12 kw. 


A broad safety program is set forth 


to reinforce personnel protection afforded by such shielding of the installation 


By SAMUEL LEVIN 
Radiological Safety O fhice 
Occupational Medical Service 
Vassachuselts Institute of Tee 
Cambridge, Massachusetts 


AN IMPORTANT FACTOR to be considered 
in any proposed installation for radia- 
tion sterilization of food and drugs is 
protection of personnel. 

This 


necessary in establishing an adequate 


article considers the factors 
radiological safety program for a steri- 
lization installation. As shielding is a 
major problem, an effort has been made 
to present simplified material for esti- 
mating shielding requirements — for 
electron accelerating potentials up to 
about 4 Mev (million electron volts 

Since experimental data are not. vet 
accelerators 


in the 2.5 to 4 Mev energy 


assumptions 


available for cathode-ray 
range, the 
methods 


and presented 


are in the direction of over-protection 


Cathode Rays 
Cathode ravs consist of a bean 


negatively charged electrons  accel- 


erated by an electrostatic or elect 


magnetic field. The eleetrons are 
physically identical to negative 
charged beta ravs emitted by radio 


isotopes. But, when accelerated by a 
constant potential, cathode rays ean be 
made monoenerget i: 

Cathode ravs passing through matte 


give up through excitation 


54 


energy 


ionization, and radiation processes. 
In the radiation process the electron 
energy loss is converted into produc- 
tion of X-rays or bremsstrahlung (/) 
Optimum conditions for cathode-ray 
sterilization have been discussed re- 
cently (2). The density and thickness 
of the product to be sterilized and its 
container impose a lower limit on the 
accelerating voltage. 
completely 


thick- 


in Fig. 1 


energetic electrons are 


stopped by relatively small 


nesses of material as shown 
ind shielding of the sterilization 


ieceleratol 


would be comparatively 
light weight were it not for the brems- 
strahlung produced when the cathode 
rays dissipate their energy in the food 
product, its container, and surround- 
ng materials. 

Another problem is to prevent fast 
electrons from escaping through aper- 
that 


shielded 


hHhecessary Im a 
This 


caused by the extensive scattering that 


tures may be 


enclosure. problem is 
occurs as electrons pass through air o1 
strike solid 
Van de Graaff (4) 
the scattering of high-energy electrons 
thick targets It 
found that the ratio of the number ot 
to the 


materials. Trump and 


have investigated 


incident on Wiis 


secondary number of primary 


electrons diminishes with increasing 
mary energy, and increases with the 
mie number of the target material. 
\ value 


rted in the same paper Lor the ratio 


ol approximately 0.2 Is re- 


of secondary to primary for 340-k\ 


electrons incident on aluminum 


X-ray Production 
a beam 
X-ravs 
are produced at the target material in 
with the 


Considering the direction of 
of cathode ravs as zero degrees 
all directions, maximum in- 
in the forward direction, 0 deg. 
data 


tensity 
experimental presented — by 


Suechner et al. (5) is extremely useful 
in determining thick-target X-ray pro- 
electrons, 


data, 


duction for monoenergetic 


Figure 2 shows Buechner’s 


plotted in convenmlent form, and extra- 
polated to about 4 Mey, 
X-ray intensity at 


direction pet 


The curves 


| meter in the 
if 


show 


forward milliampere 
beam current for bervllium, aluminum, 
and gold targets The extrapo- 
vond 2 Mev 
able on the 
\IIT, where it was found that 
X-ray 


direction. for 


silve! 
lation be appears accept- 


basis of recent measure- 
ments at 
thick-target production in the 
monoenergetic 
from Ll to 3 Mev is 
proportional to £° 4, where BE 


elerating potential 6 


forward 
cathode rays 
roughh 

is the ac 


] 


Juechner’s papel niso presents 


curves that give approximate Vallles of 
thick-target X-ray intensity at various 
angles from the direction of the eathode 
a function of electron energy 
The data 
again, extrapolations have been made. 


X-ray 


ravs as 


ire plotted ith Fig. 3 Once 


intensity at anv angle does not 


} 


appear to bea simple function of either 
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function of energy (3) 


ato number of target material or of 
the ene of the bombarding electron. 
However, total X-ray production, in- 
tegrated over all angles is closely 
linear with atomie number in’ the 
energy range being considered (5 It 


minimize X- 


at the target area by 


ie therefore to 


ri production 


ising low-atomie-number materials on 
surfaces that will be struck bv the 
ithoce iVs Lead shielding lor e@X- 


id be lined with aluminum 


of thickness greater than the maximum 


inge of the electrons. It should also 
be feasible to use low-atomic-number 
iterials for the food convever system 
Although the use of berviliam would 


production, its) low 


X ray 
nhatoancit 1.67 Mey 


eutron threshold (at 


] 


Kes this advantage oft questionable 
ilue, since neutrons can be produced 
the interaction of above-threshold 
X-ray vith bervilium This factor 
ve to be considered with re- 


pect to neutron-induced radioactivity 


neutron shielding. 


( ontribution of scattered X- 
idiation is insignificant compared to 
the pr ry X-rav intensities produced 
t 90 to 270 deg. For energies up to 
2 Me nd at 90 deg from the direction 
the primary beam, NBS Handbook 

t] lggest issuming a scattered in- 
tensit | meter from the scattering 
edit f 0.1% of the intensity of the 


X-ray Is also 


heam (? It 


suggested that 0.5-Mev X-ray absorp- 
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direction as a function of voltage 


tion curves be used for scattered radia- 


tion from) primary photons having 
energies above 0.5 Mev. These ap- 
proximations will be used in a later 


section to obtain a conservative esti- 
mate of shielding requirements. 


X-ravs produced by 
and 


monoenergetic 


heterogeneous electrons have 
a continuous 
the 


the maximum accelerating potential 


spectrum ol energies 


with maximum energy equal to 
The term quality is used to describe the 
the 


pene- 


approximate characterization of 


X-radiation 


trating 


with respect to its 


abilitv. Quality is often ex- 


pressed in terms of the effective wave 


length or effective energy of the 
radiation 
In X-ray shielding ealeulations, the 


maximum energy of the incident elec- 


trons can be used as a very conserva- 
tive estimate of the effective energy of 


the X-ravs. 


mental evidence in 


There is, however, experi- 
the 2 to LO Mey 
range to justify using the approxima- 
tion that the effective energy of X-rays 
produced by constant-potential and 
pulsed electron accelerators is equal to 
about one-half the value of the maxi- 


mum potential applied to the aecel- 
erator (8, 9). 

The dependence of X-ray quality on 
the angle of production from the for- 
ward direction has been investigated 
for radiation produced by 1.09 to 1.63 
Mev electrons striking a thick 


target (10). For these energies it is 


gold 


about 100 deg as a function of voltage 


found that the mass absorption coeffi- 
cient in lead for X-rays produced at 90 
deg differs by less than 20°) from the 


value at 0 deg. 


Shielding Aspects 

The familiar exponential absorption 
formula J le 
when monoenergetic photons are being 
Tables of the 


coefficient, pu 


Is simple to apply 
considered, linear ab- 


sorption versus energy 


for various elements are readily avail- 
able (11 


more accurate, to refer to experimental 


It is expedient, and usually 


absorption curves if they are available 


in the desired energy range | \perl- 
mental lead and concrete transmission 
curves are numerous in the literature 
for photon energies up to about 2 Mey 
8), but not for 2 to 10 Mey 
Calculated transmission and absorp- 
the literature that 


obtained by 


thon curves are mn 


have been substituting 
appropriate values of win the exponen- 


L com 


where 


ement 
the 


tial absorption formula 

graph is shown in Fig. 4 
thicknesses of various materials to re- 
duce the X-ray 
of 10 tenth-value layer TVL Is 
plotted as a function of energ } 

related 


intensity bv a tactor 


Tenth-value layers can be 


to half-value lavers (HVL) as fol- 
lows: Writing the exponential ab- 
sorption formula in logarithmic form 
TVL In (10/1) /u 2.50) 4. Simi- 


HVL ~ 0.3 TVL 


Two basic considerations in shielding 
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larly, 0.693 u 





An Illustration of Shielding Design 


To nee ommod ite ¢ 
food porte 


install 


kuging plant 
horizontally 
ind floor lo 


The 


gro 


at a 
svstem teriliz 
are such 
3- Mer 


layout 
shielding Is shown in | iv 


Sample Calculations 


1, Aluminum lining thickness 
id shield 


scTve 
for the 
hig. | 


trons inal 


Spuiec le 


primary f lin 


the maximum. 
Wn is a 
An aluminum lining o 
all surfaces surroundin 
area Will minimize N-t 
Considerable heat wi 
electron absorption tor 
path of the eatl 


the 


get in the 


Cooling of primary 


can be accomplished b 
bedded in an alumununm | 
2. X-ray _ intensities. 

sumption that the a 
ber of the 


\ 


product to 
than that of 
maximum NX 


thuminur 
i\ nite 
monoenergetic cathode 


Forwa d direct 


aluminum curve in Fig 


or 
produces approximately 
I} meter approximate 
ut 1 hima 

In all othe aire 


that the intensity of 


or 
meter tor 
the X 
nt any angle between OO ame 
approximately equal to the 
100) deg \s 


curve Fig. 3. a l-ma 


shown | 
in 
approximatels 25 r min 


about LOO r min at 1 
It is assumed that t 
of the N-ravs produces 


targe is 


the 


from the 
one-half 
tential 

lem the effective 


THESUN DIEU 
Therefore in 
energy 
oO Me 
primary 


iit 1 


assumed to be | 
3. Shielding, barrier. 
level of P00 moter 


tor 
0 0 


reduced by a fae 
2X 10 


nr min 


approximately 7 TV1I 
From Fig. 4. a 
is about 


tal thickness is ab 
Krom 2, the 
Then 
intensitv at 2 
the reduet 
1/(2.5 & 10 
and 1 HVE. 
will be 
concrete 
later 
required is 4 
5. Shielding, 
used to she ld the 


Intens 
l meter bv 
the 
and on 
or appre 
About 1 
provided } 
enclosure 
Therefore 
xX 1.6 o7 
maze walls 


eo ‘ 


4. Shielding, accelerator tube extension 





thickness required 
hown 
ned 


ng trom 


as sections 2 
by estimating t! 


le ad 


he order of 


sectlons 
0.1% a 
Hin Primary 

get The se: 
I} be issumed to have in 
0.5 Mey 
LOO me 


reduct 


1001 
ittered N-radia 
ethective 
and O.1&% 
it 


area 


min 
lon required 

fat O.5 Mey 
Therefore { 
ired lor sect 
in, of lead 

6. Shielding, in 180-deg direction. 
X radiation 
be 

the 


i fairly 


requ 1OnS 


proximately | 
produc ed 
dsby 


accelerator 


IS0-deg 


t 


irea will collimate 


around tubs 
to 


viven 


elding 
lis smnall cross sectional 


the 


on 
length ol iccelerator 
f meters and the target 
the 


Intensity ol 


as 


1 meter below shell } 


ie 
anticipated the 
ited 


eelerator 


radiation at the top ol the 
neglecting absorption by th 
100 
To reduce th 


: TVL 


about 6 in 


ll wall and interior parts, is 


in Xo > fr/min is 
and 2 


of lead, 
about 


to 
HVL; and 
2 HVL 


703 x 


mr, min requires 
iTVL = 
1.0 of lead 
7.0 1n $5 1n, ot 
1 TV of lead is shown as shielding 
The 2 HVL will be 


eoncrete 


Ith. or 
concrete 
The 
ection 5 in Fig. 5 
pro ided by the 
7. Accelerator shield enclosure. 
ill be required all around the accel- 


shell the 


primary occur 


door 


Shield- 


itor since seattering trom 


IS0-deg radiation will 
axial length of the accelerator 
In addition, there 


X-ray 


electrons 


will be a small 


ontribution — of production by 


issed striking the insice 


he accelerator tube 

\ conser X-ra- 
ition emitted perpendi ilar to. the 
thie 


itive estimate ot the 


} } 


il length 
l O.1¢ 
I80-deg radiation, w 
ition effective 
\ concrete 


ot shell 


suming scattering 
energy 
enclosure 


work 


its 


ace q inte 


Space 


elerator and 


support 
ister-supporte d door at 
fied 
MANTNUIN 


it | 


cting shell absorption 


to allow remoy 
anticipa 
meter trom the 
x 2 25 mron 

’ ipproximatels 
5-Mevy 
i 1 HV] 


photons req 
ind 2 TVI 
conerete, | HVE 
O45 Fi concrete " 
ipproxim 2 in. of concrete 
thickness 1s 


ire shield sides near tl 


requ 
ist It is practical 
for the 


the 


iekness 


ire except tor 


radiation from 


100 


8. Conveyer 


Since 


‘ 


Another 


these 


tence 


1 


trons emerging tron 


etron flux at 


Wit! 


For 


putt 


t} 


rit 


aminimum of about 10s 


collisions It 


the 


in 


s¢ 


tr 


‘on 


ons emerging 


ittering 


ttered 


( 


concrete 


reduction in electron flux 


tering 


trons 
the 


L000 em 


rom 


trons 


about 


lectron ¢ 





aperture 


e electron 


0 expected 


target ¢ 


j 


ind 


ipertures 


t energ \ ) 3 Mev. 
thie PANT 3- Mev 

is ibout l ! I I i | vv 
' , 


electrons wu 


on ot 
i 


considered 
esigning apert FI in " concrete 
for the con 
woul 
neti deflect 
e electrons 
‘ 
solution 
I THLia Ze SVast 
scattering 
er apert ire 
issible exposil mee } 


the aceek oper it 


the ipproxin tober 
Oxte 


x (10 
10 


couloty 


coulon 


lectrons sec 


ti 
rie 


most 
through 


an ¢ Irom 


ners 
ti v 


aperture il undergoing 


irtace seattering 


it is assumed that 20; of 


electrons striking a surface ire 


ind if about halt 
then the 


] 


eSCU pe direetion Inetor 


per sur 


ice 


encounter is ibout 


ind 


events, the mum 


ing this factor iSSuming 
her af 
frome thre iperture 
enclosure 

sec The 
iperture Is EXPE 


The 


apertt 


ete 


ross sections 


ted to be il 


out 


electron flux emerging 


thi 
s'¢ cme 
to 


iient 


10 


electrons 


trons (1 
An 


thre preceding c 


t 


insafe radi 


o be ex pecter 
electrons ¢ 


1.000 em 
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FIG. 4. 


FIG. 5. 


Tenth-value layers for various materials 
as a function of X- or gamma-ray energy (3) 


(RIGHT) Calculated shielding for a 12-kw 






































sterilization unit producing 2-Mev cathode rays 


to reduce construction 


shielding as close as pos- 
source of radiation, 

natural shielding when it 
For example, by installing 
ground level, or 
de of a hill, the earth can be 


in effective shield. 


eratol below 


Permissible Exposure 
the 


Radiological 


Working 


guide, inter- 
Commission on 
recommends & maximum 
whole-body exposure to X- 
Mev) of 300 


ured in ar (72 


vs (up to 3 


work-week, 300 mm 
alent to 6.25 mr hr or 
The per- 
rate of O.1 mi 


0.1 mr, min. 
Hilt Is 
ng calculations on page 
that the 
employed 
least 
inticipated radiation level 


understanding 
assumptions 
sulety 


tuctor of at 


Safety Considerations 


lo provide adequate protection for 
s of the sterilization unit 
personnel in the area, a 
lological safety 
ed It should 


itures as: 


program 
include such 
Radiation \leasurements 


l e made 


survey. 


with the accelerator 


yperating at &@ Maximum power, ol the 
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radiation levels in- all 
to the 
located. 

Continuous 
Certain operational difficulties can re- 
sult 
the inside of the accelerator tube walls. 


unit where 


radiation monitoring. 
beam striking 


in the cathode-ray 


The reased 


tor shell, 


This presents two problems 
radiation around the accelera 
and inadequate doses to the steriliza- 
tion area, 

A reasonable precaution would be to 
install 


ionization-chamber radiation 


monitors with meter outputs fed to 


recorders or alarm systems, For ex- 


ample, an area monitor could be 
located permanently at the side of the 
enclosure Its 


concrete accompany- 


ing alarm system would be preset so 


that an undesirable increase in radia- 
tion would sound an alarm and/or de- 
energize the accelerator. 

Monitoring of 


could be accomplished bv 


the sterilization dose 
means of a 
a Faraday 


cath- 


small ionization chamber or 


cage detector located inside the 
ode-ray-beam target area. 
Personne! monitoring. ‘To «assure 
that personnel exposure stays within 
permissible limits and to provide a con- 
tinuous record of individual exposure, 
all workers in the radiation area should 
be provided with film badge service. 
Safety interlocks. Additional 


tors of safety can be provided by 


1ac- 
the 
warning lights. 


interlocks and 


Medical examinations. It is 


use ol 
gen- 


erally agreed that workers who may be 


personnel can be 


exposed to significant amounts of radia- 
tion should he 


given pre-¢ mploy ment 


physicals. Fon anticipated low-level 


exposure, the medical program: may re- 
quire a series of three blood tests. taken 
in indi- 


at l-wk intervals, to establisl 


vidual’s “base line” count 
Personnel training. Indoctrination 
in the radiological 
the 
should be assigned to 


ber of the 


suletv program for 


workers plus its implementation 


i qualified mem- 


supe! ? stafl 


The autho 


pfhul suggest 
d the able assista 


preparing the mar 
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STANDARD CAPSULE for Co 


size of capsule is 2 in. in diameter, 1 


hectocurie and kilocurie teletherapy units. Maximum 


7. in. in length 


Standardized Co’ Source 


Capsule for Teletherapy 


By MARSHALL BRUCER 
Ridae Institute of N 
Ridge, Tennessee 


al 
al 


Representatives olequipl 


facturers, the Atomic Ener 


epted standard for safe ene apsula- 
‘ t not C€ 


rormu- 


the 


0 SOUTrCEeS his been 


ited Dy subcommittee 9 of 
N itional 
nt manu Protection: it will be published shortly 


Th n NBS Handbook 54 
nada, Ltd Third 


Committee on Radiation 


sion, Atomic Energy of ¢ while deeay limits length of 
and Onk Ridge National Laborator ist 7 a source In a particular tele- 
have agreed upon a stand e therapy unit, the source may still con- 
capsule for Co® teletherapy units tain a large number of curies One 
Several factors make = star ition retrradiation of the partially 
tion attractive at the present time lecaved source, which the Canadians 
First, the technological mplenit ive indicated is feasible ARC's po- 
Co® production has cause Ah sition is that it is cheaper to start with 
Atomic Energy of Canada to choose nactive cobalt for each source 
limited variety of sizes. With thes Another solution is that sources no 
standard sizes, it is possible to devis« nger useful in kilocurie machines can 
high-aetivity sources st al be used in units needing lower activities 
required number of curies The Teletherapy Evaluation Board has 
Second, assembling SI 1eCces I i¢ ( oped ba machine designed lor a 
Co into a teletherapy sou equires maximum of 600 cures; a 200-curie 
specialized tools and equipment \1 hine is planned; and a few ma- 


58 





chines in the 50 to 100 curie range have 
With a 


unloading 


onstructed., standard- 


heen 


ized source capsule and 


loading il capsule would be eliminated 


and transfer would involve no more 


than a h indling charge 
Karly 


standardization, however 


might easily be outmoded Industry 
representatives have agreed to meet 
ibout twice each year to discuss cur- 
rent development proble ms of tele- 
therapy machines. Late in 1955, the 
standardized source capsule will be 
reviewed by the entire industry 


Standard Capsule Design 
The 


this 


now accepted standard source 
is shown in the illustration on 
Detailed 
Vedic 


page arawings of it 


are available from Division 
ORINS 

This standard capsule is designed to 
meet the following requirements: 

1. Size of source. The capsule is 
adaptable to all projected 


ot ¢ 


source siZes 


anada and the U.S 
With 


2. Activity of source. pres- 


ently obtainable 50 curies gm specific 
activity, the capsule can accommodate 
more than 4.000 curies of Co 


rh ethe cap- 


3. Capsulematerial. %i 
the most economical position 


t of the pri- 


sure Is In 


ielding, it must be pat 


Tor =|} 


idiation shield. ‘Tungsten alloy 


Wary I 


surrounds the s 
the primary 


completels urce except 


» ciirection of beam 


forward shoulder gives maxi- 


mum shielding immediately adjacent 


mary beam: all screw threads 


ire at the rear in less critical areas 


4. Airtight seals. A pos 


necessary to 


tive double 
hermetic seal is prevent 
| particles ot Co The pres- 
two lend-wire seals 


ent design has 


partially 


primary Sen Is 


velded into position by an in- 


ymplete seating of the plug to allow 
preassel | ol cap ind Cup The 
smaller lead wire is prefitted to the plug. 
In final assembly the two preassem- 
bled pieces are screwed into place under 
high torque; cold flow of lead into the 
screw threads and between cap and ¢ up 
rms 2 continuous airtight seal 


It will be difficult to break the seal 
If reloading is necessary, it will be pos- 
cut off the top of the 


stainless-steel cup with special tools 


sible to window 


5. Loading of capsule. This design 
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uitable for both Canadian and U.S. 
Only 


methods of loading. one set of 
all sources, 
6. Manipulation of capsule. Only 


} t 


jigs will be necessary for 


need be handled by remote 


equipment, the solid outer 


7. Radiation window. The present 





FIG, 1 


to-detector distance 


Nal scintillation counter; spacing bar maintains constant source- 


design uses an 0.02-in. cover of stain- 


less steel. This is regarded as the best 
compromise bet ween sufficient strength 
and minimal attenuation. 

8. Emplacement of capsule. The 
methods of 


design allows for several 


emplacement in telet heraps units: 


mechanical pressure, screw threads, a 


FIG. 2. 


for |! 


Simplified Method for Determining 


Thyroid Function 


By J. W. LEWIS 
( olorado Springs Vedical Cente 


Colorado Sprinas, Colo 

we have in- 
1.800 patients for the 
presence of thyroid disease by the use 
We have undertaken 


In the past three vears, 


vestig ited ovel 


ol rad olodine. 


this study from two angles: One, the 
efficiency of the examination, and two, 
the ease with which the examination 
can be done. These methods have 
been correlated with the conventional 
bas metabolic rate and with the 
clinical impressions of the department 


of metabolic diseases. 


The use of radioactive iodine in the 
diagnosis of thyroid disorders has be- 
come in accepted procedure (1-4), 
but the usual methods are somewhat 
complicated and time consuming. To 


simplify the procedure greatly and 
eliminate calculations that complicate 
iptake and 


two inst: 


urinary exeretion studies, 


uments were designed by Dr. 
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with Radioiodine 


John Victoreen. One is a scintillation 


counter (Fig. 1), which is used to deter- 
mine the radioiodine uptake of the 
thyroid gland. In this instrument the 
amplified, discriminated, 
then 


volt meter 


pulses are 


integrated and indicated on a 


vacuum-tube eircuitsoar- 
ranged to read directly in percentages. 
This 


sodium iodide crystal shielded by 1%, 


instrument utilizes a 1!y-in. 
in. of lead and has a collimating beam 


14 in. 


spacing bar provides a con- 


that covers a 5-in. diameter at 
A 14-in 
venient and constant distance between 
the source and detecting crystal. 

The second instrument is a multiple 
G-M_ tube to deter- 
mine the radioiodine urinary excretion 
This 


because we 


instrument used 


Fig. 2). instrument was de- 


signed wished an instru- 
ment that was less critical and because 
it was desirable to have a short time 
with sta- 
(Gi-M this 


a large-area array 


constant consistent meter 
bility The ten 


Instrument p 


tubes in 


simple shelf arrangement, or use of 
the source aS au free-floating beat ng. 


* * * 


Criticisms of the present design and sug 
gestions for its improvement will be welcomed 
The author is acting only as a reporter of 


conclusions eached through the combined 
effo ts of € preset ntatives of map y organ 


izations 





Multiple G-M tube counter and milk container 
' urinary excretion 


that 
active material less critical. 


makes placement of the radio- 


The procedure for determination of 
thyroid-gland function is as follows 


A solution of radioiodine containing 
approximately | we cm? is placed ina 
5OO-cm bottle When the 


patient reports for the tracer study, 20 


vacoliter 


em® of the solution is pipetted into a 
paper cup for the patient’s use. At 
the same time, a second 20 ¢m®* is 
pipetted into the phantom plastie thy- 
The 


patient is instructed to collect a 24-hr 


roid to serve as a standard. 
specimen of urine and return at that 
When the patient returns, the 


which 


time. 
plastic phantom thyroid con- 
tains the 20-cm* standard, is placed at 

The 
100%. 


The phantom thyroid and its solution 


the end of the 14-in. spacing bar 
instrument is then set to read 
is removed and_ the sub- 
stituted for the phantom 
The then 
in per cent the uptake of radioiodine in 
the thyroid. 
the 20 ¢m® of 
phantom thyroid cup into 
milk This 


is brought to volume with water and is 


patient is 
thyroid, 
instrument reads cirectly 
The next step is to pour 
radioiodine from the 
a 2-quart 
Wax contaimer., container 
placed directly in front of the multiple 


G-M This instru- 


59 


tube instrument 















VERSATILE | 
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A wide range of hazardous opera- 
tions are performed safely with the 
new General Mills Remote Handling 
Manipulator. The unit offers un- 
usual strength (can handle objects 
weighing as much as 750 pounds 
and superb control (picks up eggs 
without cracking them 


Continuously variable power and 
speed controls are easily mastered 
and eliminate many of the restric 
tions found in hand-powered or 
position-controlled mechanisms. 

WRITE TODAY for complete 
details on the Remote Handling 
Manipulator. We'll happy to 
have a representative call if you 
wish. 


be 


Mechanical Division 
General Mills Ine 


1620 Central Avenue N.E 
Minneapolis 13, Minn 
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The 
the 


ment is then set to read LOO%. 


patient’s urine is poured from 
Wax container 


This 
the 


mason jar into a similar 
and is also brought to volume. 
then substituted 


containe! 


container 1s lor 


standard and again the in- 
strument reads directly in per cent the 
imount of radioiodine excreted in the 
urine 

The uptake percentage and the ex- 
cretion percentages are added to deter- 
the total amount of the adminis- 
that 
It has been ow experience that we re- 
90% of the 


When we have a 


Thine 


tered dose has been recovered. 


covel approximately 
idministered dose. 

percentage less than 90%, we feel cer- 
tuin there has been an error in collec- 
tion of urine or the patients have a dis- 
se other than thyroid disorders that 


es 


is holding iodine in the tissue spaces, 
such as cardiac decomposition — or 
some form of nephritis. 

Since this method is one of compar- 
ng an unknown source, either thyroid 
pickup or urinary excretion, with a 
known source, it becomes quite evident 
that scattered irradiation would be a 
the 


scattered 


big factor because of relatively 


number of ravs from 


Smal 


the standard source in a paper cup as 
ompared with the seattering from the 
the thyroid 


measurements 


surrounding 
first 
made with the standard dose held only 


structures 


gland Our were 


In a paper cup. This gave total read- 
vs of 25-35% above the administered 
dose, We then used various types of 
phantoms in which the paper cup con- 
tuining the standard could be = im- 
nersed Kaolin and sodium biear- 
bonate Was first used; it was soon found 
that by using L', in. of this mixture as 
a surrounding structure, we approxi- 
mated the scatter from the average 
neck This then led to trials of vari- 
ous thicknesses of plastic around the 
cup We now have a phantom of 
stic in which 1!y in. of plastic sur- 
muund the cup 
It also became evident that some 
filtration would be desirable to reduce 


detection of the low-energy 


Y-Tavs 
! 


ind to inerease the efficiency of the 
¥ ravs. This resulted in the use 
ne millimeter of lead filtration in 

nt of the detecting erystal. This 
problem has been well covered by Di 
G. J. Hine et al. (45); this group recom- 
ence sin. lead absorber and im- 
sing the source in 2,000 em®* of 
We have duplicated then 

lure and find that it certainly 

( ove the geometry; however 
the use plastic is attended 


with less danger of spillage and also 1s 
much easier to manipulate, we have 
continued to use the 1!4-in. plastic sur- 
rounding the paper cup and find that it 
produces results well within diagnostic 
percentages. 

In using the solution from the paper 
cup as a standard source for the urinary 
excretion in the 2-quart wax container, 
we find it wise to include the cup in the 
2-quart volume because an appreciable 
amount of activity remains clinging to 
the sides of the paper cup that changes 
the reading of the standard, if one dis- 
poses ol the cup. 

This method has been checked with 
the usual scaler type of technique, and 
we find no discrepancies in the results. 
It is that 
method is even more reliable due to the 


oul opinion our present 
fact that there is no chance for an erro! 


in calculation or a mistake in decay 
curves and other details familiar to all 
those 


In doing this work, we have had to be 


who have done tracer studies. 


careful in selecting those 
that relatively 
existence prior to the 
With the physician select- 


ing the patients carefully with regard to 


extremely 
patients have had a 
iodine-free eX- 


amination. 


iodine ingestion, the conclusions drawn 
are that the use of radioiodine studies 
Is especially Important in the elimina- 
tion or the proving of hyperthyroidism. 
We also feel that the tracer studies are 
other 


function ol 


of definite advantage over any 
type in testing the thyroid 
children It is 


our conclusion that a 


diagnosis of hypothyroidism is) made 
with equal ease by the use of the basal 
metabolic rate as with the radioiodine 
tracers, with the exception ot children, 
In this series of 1.800 tracer studies, 200 
had ute 

interval The 


within 5% 


of them have duplic tracings 


afte 2-week results 


of these readings are from 


whicl ve conclude that the method ts 
re pre leible 
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Duplex Function Plotter 


Automatically plots two variables 


as a function of a third--- 








Newest of the many modifications of the 
Electronik recorder, especially designed for 
research work, is the Duplex Function 
Plotter. A two-pen version of the now famous 
Function Plotter, this instrument has three 
independent measuring systems; one for each 
of the horizontally moving pens, and one 
coupled to the vertically moving chart. The 
instrument is thus able to draw two simul- 
taneous, continuous curves representing the 
relationship x, x’— f (y 

In the testing of missiles, engines, nuclear 
reactions and numerous other studies, the 
Duplex Function Plotter further helps to 
accelerate the pace of research. It provides 
better data by giving scientists a continuous 
plot of related functions on a single chart, 
without need for replotting from two sep- 


arate records. It helps to lift even more of 
the burden of routine transcribing and data- 
taking from the shoulders of trained men... 
and frees them for more complete utilization 
of their skills. 

Input to either pen or to the y-axis can be 
practically any variable that can be con- 
verted to a d-c signal. All three inputs can be 
of different calibrations. 


Your local Honeywell sales engineer will 
welcome the opportunity to discuss your 
specific applications for this time-saving in- 
strument. Call him today .. . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for new Data Sheet No. 10.0-17, “‘ElectroniK Duplex Function Plotter."’ 
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Measuring the Time of Fall 





of a Labeled Plummet 








| 
By A. J. ROGERS, J. W. HEYD, W. L. HOOD and J. A. WILLIAMSON 
| Vound Laboratory, Miamisburg, Ohio* 
é 
Determination by radioactive means = pairs, which drive A and B_ seale-of- 
of the position of a plummet within a — eight binary sealers. By means of an 
DESIGN pressure vessel was used to measure the — Eecles-Jordan trigger circuit, the A 
time of fall of a plummet in viscosity — scaler output closes a relay and actuates 
DEVELOPMENT tests With two pas ol coincident a timer The B sealer deenergizes the 
G-M counters, the position of a falling relay and stops the timer 
Co’-labeled) plummet was detected Premature actuation of the timer is 


MANUFACTURE at two points in the vessel, prevented by injecting a resetting pulse 


\ shield assembly of machined steel pulse obtained from a line-voltage- 
blocks entirely encloses the G-M =~ synchronized multivibrator) into all 


counters, except for narrow slits in the — resetting grids of both scalers at a rate 








For nearly half a century Koll direction of the viscometer, to shield) that prevents totalizing eight counts 


L them from seattered radiation until the plummet is directly opposite 
morgen has designed, developed ue ' > ' 

d fact d = The upper pair of G-M counters ini- the G-M tubes. Resetting pulse rates 
bi manutacture precision Op- tintes the timing evcle Pulses are in- of 15, 20. 30. and 60 cps are provided to 
tics and optical systems for in- jected into the A channel of the coinci- adapt the timer to various source sizes, 
dustry and the military. dence timing circuit, where thev are background conditions, and G-M_ tube 
Weh implified, equalized and applied to a sensitivities 

+ 4 4 fl 
e have the engineering “know- coincidence mixer, The mixer gener- The instrument has vielded test data 
“a e a hl 
how P the design personnel and ites an output pulse whenever pulses reprodus ible to within +1%. These 
the manufacturing capacity to from the two counters occur within data were obtained using a resetting 
help you solve your optical ~90 psec of each other. pulse rate of 20 eps, a coincidence-cir- 
problem. The lower pair of counters stop the cuit resolving time of ~90 usec, and a 
timing evele when the plummet is de- Co" source with a gamma flux equiva- 
tected at the end of its fall path lent to the flux from about 12 mg of 
a~ Pulses from these tubes follow an iden- radius 
78) ulses Trom 1es( Hoes TOUON ih wen radii 
KOLLMORGEN a t path through the $ channel 4 : . 
° ss Pulses out of the A and B mixers are Th 1 te - hase a V = oe a- 
PfoltCal CORPORATION — applied to their respective trigger-(f Sprayer tae Remap ipsinadr on 
| ‘ Lata) wish toa owledge the generous cooperation 
of D ry ae sd g the development 
Plant: 347 King Street » Northampton, Mass. of th ) equipment 
New York Office 
30 Church Street * Mound Laboratory operated by M BIBLIOGRAPHY 
New York 7, N.Y. to Chemical Co, fo the U.S Atomic G n, NecLeontcs 9, No. 4, 13 (1951 
Energy Cor ission under Contract AT-35 P. 8 P. He sk J. phy idium 11, 664 
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Gauss formula 
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Me... %. 
values. 
formula is represented by a smooth curve 


Poisson and Gauss distributions calculated for three different expectation 
The Poisson distribution is defined only for whole numbers m, while the Gauss 


Statistical Purity in Nuclear Counting 


By OSWALD RIEDEL 
Vas-Planck-Institut fiir Chemie 


Vainz, Germany 


Many nuclear measurements involve 
counting of radioactive disintegrations 
with devices such as gas-multiplication 
or scintillation counters. As is. well 
known, these disintegrations show sta- 
tistical fluctuations governed by the 


Poisson distribution formula 


Nt\” 
W an ( ) e Ne (1) 
m. 


where W,, is the probability that a 
certain number of pulses, m, is counted, 
V is the average or “‘expected”’ count- 
ing rate in pulses per second, and ¢ is 
the counting period. On the average, 
Mave = Nt pulses will be counted in ¢ 

but a single count yields a 
m that 


seconds, 
number generally differs from 
Mata 


For not toosmall values of m,,, Vi 


the Gaussian distribution is a valid ap- 
proximation to Eq. | 
. l 
W (v) = ¢ yr /2N (2 
V 2x Nt 
where W(v) is the probability that a 
certain v value will occur, where v is the 
“error’’ of a single count: r M — Maye. 
Figure 1 shows that with increasing 
the 


distribution approaches more and more 


expectation value Myy, Gaussian 
the exact Poisson law. 


Instrumental deficiencies in the 


counter (or its associated electronic 
eircultry) 
these statistical 


however, generally possible by an anal- 


are sometimes obscured by 
fluctuations. It is 
vsis of a series of counts to ascertain 
whether the statistics are ‘pure,’”’ 1.e., 
attributable only to the randomness of 
radioactive decay, or whether the sta- 
tistics are “impure,” reflecting defec- 
tive counting apparatus. 


For 


a “normal” distribution, such as 
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Diagrams of the frequencies sum as a function of the upper class limit 


given by Eq. 1 or 2, the standard 


deviation o is given by (2) 


G V Mave V Nt (3) 


a measure of the breadth of the 
It means that 95.4% of 


It is 
distribution. 


all counts are within my, + 20 to 
») 
ain Zo. 


To examine the statistics of a series 
of counts several methods have been 
used, 

The method of Bothe (4) is applica- 
ble to pulses that are recorded on a 
moving with constant 


film or tape 


speed. Onsuch a record, the intervals 
between the single events are measura- 
ble, so that the grouping into 2, 3, 4 
more events may be compared 
the mathematically calculated 
spacing in time. It should be 
tioned that in this case as few as 1,000 


and 
with 


men- 


single pulses are sufficient for a sta- 
tistical purity test. 

Most counting devices, however, give 
information only about the total num- 
There- 


fore, it is desirable to have available a 


ber of pulses in a given time. 


quick and accurate technique for the 
analysis of measurements of this type 
for statistical purity. 

It has also been proposed to compare 
the 
with one calculated according to the 


y? 
) (4) 
l 


the 
» would be expected to 


theoretically expected deviation 


method of least squares 
v 
Ovex 
(>, n 
For 


index” p 


statistical purity, “purity 
a4, 
be equal to one. 

But, as shown by Gauss (3), the 
rms deviation o,,, itself mean 
100/4/2n — 1° Thus, to 


assay the statistical purity by the index 


has a 


error ot 


method with an accuracy of, say, 
+ 1%, the large number of » 5,000 
counts and a correspondingly weari- 


some calculation of the error squares is 
necessary. Under such circumstances, 


a more economical method may be 
desired 

The Gauss formula for the error of 
Oexp ANSWers the question: How many 
counts must be made to find with a cer- 
tain accuracy the parameter of the dis- 
if it is sure 

that the 


reigning error law is not only Gaussian 


tribution curve of n counts, 


by knowledge or by faith 


but has also the proper parameter, 1.€., 
a Vm, As shown by experience, 
spurious pulses of the kind not already 
obvious to a superficial observer, are 
distributed at That 
is, the distribution remains Gaussian 
but 


mostly random. 


The broadening is 
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is broadened. 

















im fluetuation, but a sys- 
leviation of the experimental 
1 the proper curve. 
ve systematical deviations, 
a few measurements are 
While the purity index does 
ite that the deviations are sys- 
random, the character of 
ions may be decided by com- 
raphically the theoretical curve 
xperimental points. 
listribution formula, Eq. 2, 1s 
litable for a graph, because it 
d line; moreover, it is rather 
» ealeulate the distributions 
| or z Nevertheless, the 
is used by Geiger and Ruther- 
The whole process would 
simple technique if it were 
represent a Gaussian dis- 
by a straight line. 
iethod described here uses the 
itv Integral Graph Paper* de- 
4. Beckel (5). The ad- 
this paper is that normal 
is that follow the integral 
irve fWi(v)dv will appear as 
LInes, and hence divergences 
readily observed. The values 
are given in per cent. 
ilues, according to their size, 
d to several classes of equal 
hen, the filling of the classes 
lin per cent of the total num- 
ints. The cumulative sum, 
frequencies sum &, that is 
ich upper class limit, is 
don the paper as a function 
class limit. If these ex- 
il points conform to the the- 
expected distribution, they 
i straight line that will coin- 
the line defined by m,,, anda. 
juantities ean be determined 
rithmetiec. 
ground pulses must not be 
from the counts, because 
und is an independent sta- 
fluctuating source. This as- 
be tested, if necessary, 


method. 


Examples 


Che process can be clarified by means 
Fig. 2 

rtened) Table 1 contains the 

ounts From these the arith- 

MEAN May, Vt is computed. 

isses are scaled in such a way 

he smallest as well as the largest 

ies are included; in this example, 

ire 93 and m 130. Table 

ntains the limits and contents of 
commercially available 
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the classes and the frequencies sum in 
per cent. In Fig. 2b the cumulative 
ais 


sums 2 are plotted from Table 


9 
small circles. my, is plotted at = 


50%; at Y = 2.3% is plotted m,,, 2 
and at my + 20 is plotted = 97.7 
%. Between F = 2.3% and > 97.7 
% lie 95.4% of the population. These 


three points plotted as stars in Fig. 26 
lie with the other ones on the same 
straight line; the apparatus in question, 
therefore, is functioning properly. 

It is easily seen whether o,,, deviates 


from Vo Marvy by more than 5% in a 


plot of this type (with n = 50); even a 


comparatively small statistical im- 
purity would be detected. 
In Fig. 2a, which represents data 


from another apparatus, two straight 
recognizable. In_ this 
ample my, = 2349.1, o¢ 18.4 
n = 20. The double standard devia- 


tion 2¢ is too small by dD 


lines are eXx- 


and 


18; Cex; 
This 


difference cannot be due to errors in 


therefore is too large by 9. 


timing: countings were made for 20 
periods of 240 see each (the pulse rate 
was 9.788 per sec), and the timing is 
+(.1 see, 


this magnitude would explain an in- 
I 


precise to about An error of 


crease of the standard deviation o..,, by 


at most 1. 


The fact that m,,, itself has a mean 
erro! 

O( Mave) %/ Mav,/ 7 5 

does not matter. In this example, 


the 
and it is the slope that does not 


indeed, o(myyg) is about 7, but 
slope 
fit the experimental points—is known 
very accurately, since 


o \/ Mave b(m, 


a)s 


the rule for the error 


has 


according to 
depending only on 
This 
n 20, the very small value of 
The that 


counts plotted in Fig. 2a was not fune- 


of a funetion 


n, the error 4 lon. 


has ror 
+O.11, 
apparatus produced the 


tioning properly. Since the experi- 
mental points lie on a straight line, the 
distribution is purely Gaussian, it is 
true, but the pulses are partly spurious 
The G-M had 
rated and was close to the end of its 
life 


before it became obvious 


counter used deterio- 


This was shown by this test long 
The experimental standard deviation 
8.4 + 9 O7 that iph- 


ically in this case would be theoreticalls 


was found gi 
a much higher expectation 
3,300). Floating grids 


or fluctuating power supply voltages 


correct for 


value (about 


would cause similar effects. 


The other case, in which the exper 
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TABLE 1--50 Countings 60 Sec Each 


Class no. 


Count no mh 
l 101 3 
2 109 5 
3 Q3 l 
t 105 { 
19 130 10 
50 104 3 
Mave = 109 24 


a = V mag = 10.44; 20 = 20.9 


50.0% at 109.24, 


TABLE 2—-Class Contents 


I ¢ (] ide i- 


Class —_—- Limits Content sum = 
no. under upper counts b// 
] +S bea) D 10 10 
2 97 100 ; 6 16 
3 101 104 i 14 30 
} 105 LOS 12 24 ot 
5 109 112 } S 62 
6 113 116 a) IS SO 
7 L117 120 3 6 SO 
Ss 121 124 5 6 42 
9 125 128 2 } 96 
10 129 132 y 4 j 100 





mental standard deviation is too small, 
will occur when to the genuine pulses 
are added spurious counts that are not 
randomly distributed in time. Spur- 
ious pulses of this sort may consist of 
oscillations of amplifiers or pulse 
shapers that may be triggered by gen- 
uine pulses. 

However, in the case of high count- 
ing rates, it is also possible to obtain a 
too small attrib- 


utable to ““deadtime.”’ 


standard deviation 
the 
This question is discussed later. 

It is make 50 


countings and to divide them into 10 


counter 
recommended to 


classes. Then, each class will have at 
least one entry so that double points 
9 


are avoided. For example (a) of Fig. 2 


only 20 countings were made and a 
the second in this case) has no 
so that the content of the fore- 


going class occurs twice in the per cent 


class 
entries 


be 5 


table (in this case 5%, the con- 


tent of the first class). 


Very High or Low Rates 


The procedures outlined previously 
ire valid for pulse rates NV that are low 
enough, so that the finite length of the 
individual pulses need not be taken 
into account. 

The true number WV of 


pulses is 


larger than the counted number » 
If the length of a pulse is r seconds 


defined deadtime”’ . then 


VW 
: Me 


id, the standard deviation o becomes 


” 


Wi 4 Ns 


than it 
taking into account the pulse duration 


oO 


It is smaller would be without 


tr. In very high rate counting, + must 
be known or has to be determined by 
one of the known methods (4 

On the other hand, as shown by Fig. 
a the expectation value Mave should 
than about 10 


otherwise the Gauss formula, basis of 


not be smalle: since 
the graph paper, cannot be used. In 
other words: For very low pulse rates 
the 
enough to contain a sufficient number 


periods t must be chosen long 


of pulses, 


Application 


In analytical chemistry, one often 


must ascertain the occurring pulse 
rates V with a relative mean error of 
t+S%. Asample must be counted for 


a time ¢ long enough that a number of 


(‘*) 

Z ; S 
ry. 

Z Vt. 


times ¢ are 


pulses 


The heces- 


W ill be expecter 


sary counting given by 


formulae, cf (7), or by nomograms, 
ef (7) and S). 


purity test, the o(Z) are 


By the vl iphical 
known with a 
] 


percentage erro! t ¢ and so ure also 


the values of S 


As noted previously, & is 2% (for 
? 50 

The purity test will usually be made 
during a series of actual sample count- 
ing The counts of a constant stand- 


ard sample that are scattered over the 
whole series are then subjec ted to the 
test. The meaning ot hq 9 is that 
the error & plays no role for choosing 
aecording to 


the numbers Z properly 


Mg. S 
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The extent to which a statistical im- 
purity may be allowed in actual count- 
ing determinations ‘depends on the 
trustworthiness that will be claimed 
for the values of the sample strengths 
measured with the apparatus mn ques- 
tion In any case, a difference be- 
tween o and yom, Is a sign for an 
improper function that will, in general, 
falsify to some extent the numbers Z of 
counted pulses. In Fig. 2a, o, 


Is 


‘I 
larger than ym ¢ by 19%, and meas- 
urements that are made with this 
apparatus should be rejected. For a 
small difference of, sav, 6°, the results 
are less doubtful; they may be accepted 
unless a high accuracy of the sample 
rates .\ 


S + 5% is permitted. 


= demanded, e.g., if an error 


There might be, for the same appara- 
tus, a statistical impurity for high pulse 
rates .V but not for low rates. The 
standard sample for the purity test 
should have, therefore, «a pulse rate 
that approaches the highest rate that 


occurs in the actual sample countings 
but that is not yet so high that the 


pulse duration 7 must be taken into 


BIBLIOGRAPHY 


Cre with a note t 
Vay. 20, 698 (1910 
UCLEONICS 6, No. 1, 26 

’robat ty and Frequency 
London, 1940 
kK. Z. 37, 520 (1936 

es, Stahl und Eiser 


TECHNICAL BRIEFS 


®Bursting of balloons carrving cos- 
ray apparatus to SO.000-ft altitude 

by unit used at Melbourne 

Australia. 


vy taut opening valve 


expanding bal- 
rin 

some of filling gas. 
mechanism then closes 
ps small weight to allow 


ntinue rising 


©D.O concentration can be measured 
h improved accuracy by an optical 
ter developed for use with 

reactor (300° kw) 


ment, based on the principle 


Swedish 


phase-contrast Mmucroscope, Is 


within 5 
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survey instruments for 
laboratory or field use 


Model 2750 Portable Survey Meter 


This 9-lb. battery-operated unit measures 
beta and gamma radiation with meter indica- 
tion in milliroentgens per hour. Ranges of 
0.2, 2.0, and 20 mr/hr are provided. Sliding 
probe shield may be used to discriminate 
against beta radiation. Instrument (including 
probe and 3-ft. cable) is completely water- 
proofed. Ideally suited to mineralogical sur- 
vey, following tracer elements in piping or 
processing, leak detection, civil defense, etc. 
Price, complete with G-M tube, batteries and 
instructions, $200.00.* 


Model 2800 Laboratory Monitor 


An a.c.-operated instrument weighing but 8 
Ibs., the Model 2800 indicates beta or gamma 
radiation either visually or aurally (through 
built-in speaker). Full scale ranges are 300, 
1,000, 3,000, 10,000 and 30,000 counts per 
minute. Any G-M tube with 900 v. operating 
voltage may be used. Simple to operate; well 
suited for general laboratory use in checking 
contamination of equipment and fixtures, 
monitoring background counting rate, etc. 
Price, Model 2800 only, $250.00.* With Model 
20 probe assembly (including Victoreen 1B85 
G-M tube), $286.00.* With Model 25H probe 
assembly (including Anton 201H mica win- 
dow G-M tube) $311.00.* 


Model 2080 Portable Scaler 

This battery-operated scaler provides ex- 
tremely accurate measurement of very low 
radioactive levels. Maximum counting rate is 
100 cps, indicated on scale-of-eight meter and 
resettable 4-digit register. Supplies 900 v. for 
G-M tube. Price, Model 2080 only (no G-M 
tube), $450.00.* Model 2080A (with Model 
20 probe assembly described above) ,$486.00;* 
Model 2080H (with Model 25H probe as- 
sembly described above), $511.00.* 


‘ia:i{aaam Offers Complete Line of Nuclear Instruments, Accessories! 


¢ Decimal Scalers 
e Portable Scalers e Scintillation Counters 

¢ Count Rate Meters ¢ Decimal Counting Units 
* Counting Rate Computers ¢ Double Pulse Generators 


Berkeley 


his 


BECKMAN INSTRUMENTS INC. 


e Survey Instruments, Monitors ¢ Accessories: Automatic 


Timers, Clocks, GM Tubes, 
Probe Assemblies, Recorders, 
Lead Shields, Planchets, 
Absorbers 


*Prices f.o.b. factory 
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Dept. E-6 2200 Wright Ave., Richmond, Calif. 
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NUCLEAR ENGINEERING 


Compressive Properties of Uranium 


By NICHOLAS GROSSMAN and 
SEYMOUR PRICEMAN 
Atomic Energy Division 
Sylvania Electric Products, Ine 
Bayside, New York 

Many of the analytical expressions 
used in fuel-element design assume that 
uranium’s modulus of elasticity in com- 
pression is identical in value to the 
modulus in The tests de- 
scribed here verify the validity of this 


tension. 


assumption and determine the com- 
pressive values of uranium’s Poisson’s 
ratio, shear and bulk moduli, modulus 
of resilience, proportional limit, and 
vield strength. Effect of strain hard- 


ening also is investigated 


The Tests 
Specimen A (Rockwell C 15 

from one ingot; specimen B (C 1S 

Both 


wrought 


came 
from 
(see Fig. 1). were ma- 
hot-rolled 
Tests used the 24,000-Ib 


(smallest division 


another 
chined) from ura- 
nium bars. 
full-seale dial setting 

20 Ibs) on a 60,000-Ib-load-capacity 


machine. Strains could be read to 10 


pin. 
Top and 


in. and estimated to the nearest 5 
bottom 
specimen were lubricated with molyb- 
tlhead 
Was fitted in the upper head of the test- 
and the 


surfaces of the 


denum disulfide. A hemispheri: 


ing machine, imen was 


Spec 


placed between two hardened-steel flat 
plates. During the test, absence of 
any bend-inducing load eccentricity 
was verified by reading individually the 
that 


Three loading-unloading cycles 


four strain gages were used. 
were 
run on each specimen. 

Stresses were computed using the 
Since 
maximum 35,000 
lb/in.*, these stress values differed from 
1%. 


train curves for low-stress re- 


nominal cross-sectional area. 


stress was about 


average true stress by less than 


gions of the initial loading are shown in 
Fig. 2. Complete stress-strain curves 
3 and 4. 


stress-strain 


are shown in Figs. Longi- 


tudinal and transverse 
curves and the ratio of transverse to 
longitudinal strain (Poisson’s ratio) are 


plotted in Figs. 5 and 6. 


Results 

The curves indicate that: 1, the curve 
for hot-rolled uranium in compression is 
linear up to about 3,000 Ib/in.* stress; 
2, the compressive modulus of elasticity 
10° lb, in.? 


the average for those reported in ten- 


»~ - 


is 25.5 this value is about 


sion) (1); 3, Poisson’s ratio is not a con- 
stant, but a function of the applied 


stress (the average value for the two 


specimens extrapolated to no stress Is 


0.20 and increases as the stress is in- 





Lateral 


Goge —— -—% 


—>| 0.900 in. /&e— 


Specimen size and strain gage 


FIG. 1. 


location 














FIG. 2. Stress-strain curves in low-stress 

region for both specimens 

creased) (2, 3); 4, there is no artificially- 

induced elastic portion of the stress- 

strain curve after the initial loading. 
Taking the average values for E 

lb /in.* and p 0.20, the 

shear modulus G B/2(1 + p) 10.6 
10° Ib in.*, and the bulk modulus 

K BE /3(1 2u 14.2 « 10° lb/in.? 

S,?/2E 


25.5 & 10° 


The modulus of resilience [ 








) 


+ 2 
10 Ib /in 


ompressive Stress ( 


a 
Y 








vo a 





ngitudin Strain - 
ming reer Longitudinal Strain (10°* 


n./in) 

















Complete stress-strain curve for specimen B 
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. 3. Complete stress-strain curve for specimen A 
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FIG. 5. 


Poisson's ratio for specimen A 


0.176 in.-lb/in.’, which compares 
with 15.0 in.-lb/in.* for mild steel, or a 
ratio of almost 1 to 120. 
Discussion 

There is a very low, but well defined, 
proportional limit (3,000 Ib/in.?). No 
experiments were conducted to test for 
For 


ill engineering purposes, the moduli of 


the existence of an elastic limit. 
elasticity in tension and compression 
are identical, and analytical expressions 
using this as a basis can be utilized. 
Poisson's ratio is not a constant, but 
steadily increases with increasing stress. 
This is typical for semiplastic metals, 
whieh in the limit for the perfectly- 
plastic stage approach the value of 
0.500. The relatively low value of 0.20 
lies close to recently-reported values for 
0.23 to 0.25) (4). 

The values for the bulk modulus of 
compressibility obtained in this investi- 


ld steel 


ration are in much closer agreement 


with those obtained by Bridgman by 


his well known extreme-high-pressure 
14.56 & 10°lb  in.? 


7) than are the values from ultrasonic 


testing techniques ( 


tests 
Data from this investigation are use- 
ful in evaluating the accepted graphical 
method of determining vield strength. 
Yield strength is defined as the stress 
it which a material will be permanently 
strained a specified amount, usually 0.1 
or 0.2%. This value was devised pri- 
for materials that do not have a 

nite vield point, which is the case 
uranium. This method assumes 


that a straight line between the end- 


points of an unloading curve from a 
particular stress to zero stress will con- 
in slope to the initial 


losely 


train curve, 
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Longitudinal and transverse stress-strain curves and 


FIG. 6. 


Longitudinal and transverse stress-strain curves and 


Poisson's ratio for specimen B 


Although this assumption may be 
valid for other materials, Figs. 3 and 4 
show that use of the graphical method 
for uranium gives results lower than 
the actual values. The actual values 
of yield strength (lb, in.*) as approxi- 
mated from Figs. 3 and 4 are 27,000 for 
0.1% offset and about 33,000 for 0.2% 
offset; the graphical method gives val- 
ues of 22,600 and 29,900. 
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REACTOR FACTS 


® Boiling water reactors, according to 
will probably operate 
than 


coolant-moderator. 


recent studies, 
better 
light 


The fuel plates are farther apart in the 


with heavy water with 


water as 


1).O design; this permits more favor- 


able boiling performance. 


eBreeding of U from thorium is 
most readily accomplished by thermal 
fast best for 


breeding plutonium from U2*, 


reactors ; reactors are 


© Byproduct plutonium or U*** purchase 
at rate of $25-30 million per vear for 15 


AKC to 


participation in 


vears is being considered by 
encourage industrial 


power reactor development. 


@Package reactor's fuel loading is ex- 


cost $l-million, the plant 


pected to 


$2.5-3-million. 


®Swiss research reactor will be built 
jointly 
The 10-Mw heavy-water reactor will 
heat 


mstrumenta- 


by industry and government. 
be used for industrial studies of 


transfer, materials, and 
tion and for training and radioisotope 
production. Natural uranium = and 
about 9.5 of the needed 12 tons of D.O 


will be imported. 


@Experimental fuel fabrication facil- 
itv to be built at Argonne will be used 
for breeder-material reeycling studies 
Tests with the $1.5-million plant will 
methods of partial 


involve simple 


processing and refabrication without 
radioactivity. 


Zuckert has 


could mean 


complete removal — of 
AEC Commissioner Ek. M 
stated that these methods * 
nuclear fuel at costs in the order of 1 
mill/ kwh even in those reactor designs 
which require somewhat enriched, thus 
more expensive fuel.”’ 

® Canada's NRX reactor, back in opera- 
14-month 
now 10-MIw. This is a 
33% addition to the 
NRU reactor, now under construction, 


tion after a shutdown, is 
producing 


Increase In 


Canada plans to operate a pilot nuclear 
power plant within 3 vears. Based on 
experience with this unit, a plant will 
be built by 1962 to supply the southern 
Ontario power grid with 6-mill nuclear 
that 


planned hydroelectric plants will be 


power. By time, present and 
outstripped by the area’s 6% per vear 


increase in power demands 

@Two French production reactors ure 
expected to supply 75 lb of plutonium 
per year. The 100-Mw 
built in the Rhone valley. 


units will be 
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IRECTIONAL 


scintillation 


(COUNTER 











A HIGHLY SENSITIVE DIRECTIONAL 
COUNTER FOR GAMMA 
EMITTING ISOTOPES 


Efficient shielding from radiation a 
few degrees off the axis of the counter 
and the use of a large crystal, 1] 
dia. have resulted in an instrument 
ideal for directional work with low 
activity tracers, and, with the lead 
collimator removed, for total activity 
or sample counting. 


14” dia. Thallium activated 
Sodium lodide crystal! 
Counting efficiency for 1.131, 

sO 


Half count angle for 
1.131, 4 


For further particulars contact 


NUCLEONTCS DIVESTON 


BURNDEPT 
LIMITED 


RRITH 


Also manufacturers of Head Amptit 
Power Supply Units: Radiation 
Neutron Monitor 


70 = Want more 


information? 
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Government-Owned Inventions Available for License 


PATENTS Were issued 
the U. S. 


THE FOLLOWING 
on inventions assigned to 
These 


license, 


Government. inventions are 


available fo ordinarily on a 

nonexclusive, royalty-free basis, on ap- 

plication to the administering agency 
indicated, 

Printed copies ol the letters patent 

he obtained the 

of Patents, Washington 25, 

at 25 cents a copy, payable by 

the 


patent number and title when ordering. 


from Commis- 


check or money order. Specify 
These abstracts have been furnished 


by the Index of Inventions, maintained 
by the Government Patents Board, 


Washington, D. C. 


Transmission fluorimeter* (2,663.01 
MI. Slavin, M. H. Fletcher, M. Irving 
Apparatus for solid 


gaseous materials measures fluorescent 


analyzing and 


ight due to ultraviolet excitation of a 


thin Minimized ultraviolet 


sumple 


to-detector distance permits 
| 


Stiail 


souree 


ompact fluorimeter utilizing 


source 
2,663,802), P. E. 
detector 


electret between pair ol electrodes with 


Neutron detector* 


Ohmart— Radiation includes 


its opposite laces conductivels coupled 


elect Arrangement provides 


odes. 


und counting voltage 


aevter 


ting 


sients induced in electrodes by 


volume charge of the electret 


ves in 


to neutron bombardment 


IslV¢ 


Container for neutron irradiated ma- 
terial* (2,664,998), J. I’. Gifford, N. B. 
Garden—Container comprises outet! 

nari il aluminum Casing enclosing 
and having 
offset by a 


iutinum contamel 


upper extension 


Extension has upwardly 


funnel closed by a thin cap. 
holds liquid during opening to 
radiated material when cap is 


tured 


lon accelerating and focusing system* 
384), H. P. Yockey—-Apparatus 


iting and focusing ions, e.g., 


? O65 


wecelel 


ration of isotopes, comprises three 


aes each having openings 


d to produce focusing of ions. 


Innet 


intauined 


electrode has narrow slot and is 
Inter- 


| } 
ediate electrode, with opening smalle 


at high potential 


t, is held at high negative po- 


tential for accelerating ions. Outer 
electrode has larger opening than slot 
and is maintained at potential inter- 
mediate to that of other electrodes to 


decelerate ions. 


Dynamic displacement metert 
2,665,581), C. H. Kean— Meter for in- 
diecating dynamic displacement of vi- 
brating body, e.g., piezoelectric cry stal, 
comprises apparatus for applying dis- 
crystal 


plot of 


placement and voltage driving 
giving 


on axes Ol oscillograph 


voltage, 


displacement Vs applied 


Vacuum tube amplifier for measuring 
signals having a large variation in 
level? (2,666,098), J. L. Leonard 


Device utilizes amplifier having at- 


tenuator in input and pair of electroni 
responsive to signals of 


relay circuits 


different ia usting 


vel ol 
the 


levels; it includes 


means to decrease or increase ie 


signal input in response to o1 


other relay circuits 


Spectrometer®* (2,666,147), L. B. Borst 
Neutron spectromete! utl 
crystal reflector having ( 


zes cy lin- 
arieal oncave 
reflecting surface toward source of radi- 
Focal point ot 


eflector ra- 


ant energy beam can 
changing 


Neutr 


ator Is provided 


be adjusted by 


dius of curvature mn-beam in- 


ina 


tensit 


Rapid operation air lock for closed 


vessels* (2.666.539), R. T. Avery 


Air lock, e.g., for vacuum vessel of mass 
} 


spectromete! COMPrises ¢ hamber sealed 


ver aperture in wall of vacuum cham- 


ber and having spring-loaded closure 


on sliding rod movable into sealing con- 


tact over aperture. 
Container having a distortable flow 
545), J. J. Hop- 


] | 
LOE DeCCK 


(2.006 


control meanst 
gas container tits 


having 


] 
‘Is ClO 


tube 
valve 


Survey instrument* (2,666,865 


Borkowski Radiation detector 


prises hollow casing having hi: 


one end, window in one side and 


conductor 


frame slides over 
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nd carries porous shield to 
dust from entering casing. 
‘sh mounted on frame coex- 
vith shield maintains uniform 
ield about conductor. Asso- 
ire amplifier, pulse circuit and 


Electronic frequency vernier{ 
2,666,899), L. D. Smullin—Device in- 
stable reference oscillator, cal- 
variable lrequency oscillator 
dulator. Variable oscillator 
dulator produce amplitude mod- 
reference oscillator output. 

ndicates coincidence between 
sideband frequency and un- 


Kno requency. 


Mass separator* (2,667,582), J. G. 
Backus Four curved electrodes, sym- 
met! ly positioned parallel to lon- 
math from ijon-current source, 
iniform electrical field) by 


ns are ro used on receiver, 


Energy proportional counting of ex- 
terior radiationt{ (2,667,586), H. Kall- 
mann—Deviee for measuring energy 
absorbed by object in radioactive field 
comprises scintillating crystal, photo- 
tube, and counter circuit. Distance 
between crystal and tube may be ad- 
justed so that only one count is reg- 
istered each time energy quantum ot 


maximum value excites crystal 


lon source* (2,668,260), Clarence F. 
Barnett, Carroll B. Mills——Source for 
ise with particle accelerator comprises 
inode envelope and pair of 
‘cathodes at opposite ends of 
Magnetic field around cath- 

roduces low-voltage, high-den- 
When bombarded with posi- 

( s, cathodes emit electrons. 


Voltage regulator* (2,668,272) Ed- 


Groth, Jr.—Circuit includes 
produce output voltage of de- 
ie, detector, and two-channel 

Amplifier output controls 
resistance in series with volt- 


Sylphon sealed pump* (2,668,656) 

Kugene T. Booth, Jr., Hugh C. Paxton 

cating pump tor handling 

gases. Piston is provided 

ripheral flanges to reduce leak- 

linder having recesses at the 
ive the flange. 

ed by Chief, Patents Branch 

Com sior Washington 


red by Patent Counsel, De- 
e Navy, Washington 25, D.C 
red by the Office of the Judge 
; era Department ol the 
VW gton 25. D. ¢ 
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You Specified, 


Wave Length Inde 


Penden y 
A S i 
table, Drift. Free Circuit 
Ru ~Y | 
99ednes, et Light Weigh 
ght 


Convenience in Use 


YOU GET ALL OF THESE SPECIFIED FEATURES AND MORE~-IN A 


New GAMMA DOSE RATE SURVEY METER, 


BUILT BY THE PIONEER MANUFACTURER OF RADIATION INSTRUMENTS 


¢ THREE RANGES OF SENSITIVITY: 
MODEL 592—0-10, 0-100, 0-1000 mr/hour. 
MODEL 592A—0-5, 0-50, 0-500 r/hour. 


Two-stage D.C. amplifier circuit with 100% negative feedback. 
Factory calibrated on x-ray and radium or Cobalt 60. 


Accuracy conservatively rated at 10% of true dose over an energy 
range of 50 Kev to 1.3 Mev. 


Plug-in ion chamber for interchangeability. 
lon chamber for model 592A may be used in 592. 


Hermetically sealed ion chamber in model 592 is unaffected by 
environmental conditions of temperature, humidity or pressure. 


Single hi-meg and electrometer tube sealed in the ion chamber. 
Two controls ... An on-off-range switch and zero set. 
Well balanced with handle on top 


Rugged, fiber-glass reinforced case easily decontaminated . . . meets 
military requirements. 


Weighs only 4% pounds. 


For Further Details . . . Write for Form 3021 
MEDICAL INSTRUMENTS DIVISION 
MEDIC 

The Victoreen Instrument Co. 


5806 HOUGH AVENUE ° CLEVELAND 3, OHIO 


Want more information? Use post card insert in this issue. 





BOOKS 


Annual Review of Nuclear 
Science, Vol. 3 


Edited by JAMES G. BECKERLEY (Annual Re- 
views, Inc., Stanford, 1953, x 412 pages, 
$7.00). Reviewed by W. F. Li Unive! 


sitv of Chieago, Chicago, Ilinoi 


This third volume of a most valuable 


series of review books maintains the 
high standards set by the first two vol 
umes published in 1951 and 1952. The 
opening chapter, written by Henley 


Re ac- 


wcleons I a 


Ruderman and Steinberger on 
tions of r-Mesons with 
detailed 


account ot 


and very up-to-the 
the subject. The 
reviewer had the feeling that « 
the field 


article, and he found himself satished 


rather 
minute 
xperts in 
would be satisfied with this 
for reasons of the coverage and clarity 
of presentation, 

The second chapter, by Leprince- 
Ringuet, on Mesons Heavy Un- 
stable Particles in Cosmic Rays, is at 
nat- 


and 
excellent discussion of a most fas 
ing subject. The existence of new par- 
ticles is deduced by a single track in 
a particularly fortunate photographic 
plate. There is very little more d 
matic in science than the life of 
mie ray physicist establishing 
ticles andstudyving their characterist 
The remaining chapters 
tranuclear Interactions of I 
Gamma Rays bv Corson 
Veutron Optics by Hughes 
ardization of Neutron Mea 
Wattenberg, 


on photographic emulsions 


series 


and a 


chemistry, hot-atom chemistry 


tion techniques in radiochet 
finally five chapters by b 
raciobiologists on the effect 
tion and also on the me 
radiation doses 

The funetions of review 
as this include introd 
graduate students to sul 
aus the assistance of the 
search worker in) maint 
quaintanceship with tl 
Most of the 


would serve the first pury 


article ! 


] 


the second One or tw 
too advanced in el 
ginning graduate student 
no doubts in the revie 
this book is well wor 
price Tor anyone eng 
nucleat 
that 


72 


physics | 
most of the 





the Atomic Energy Commission have 


enough interest in the subject to ben- 
efit from at least a brief perusal of the 

volume 
The whole volume, like its two pred- 
ecessors, is slanted towards the nuclear 
physicists and the practitioner in this 
field 
stry by Willard and on radiation chem- 
by Magee are 


vhich chemists 


The articles on hot-atom chem- 


excellent accounts 
would find extremely 
The the 


material is definitely of 


interesting reading. rest of 


interest: prili- 
cipally to nuclear physicists and nu- 
clear engineers. 

It is 
hirst 


interesting in) comparing the 
the third to 
note the progress in certain fields. The 


maintenance of the stvle originally set 


two volumes with 


makes this comparison simple. Con- 
tinuity is good despite the variations in 
tuthorship. 

This series, like the other publica- 
tions of the Annual Reviews, performs 
literature 


the 


an important function as a 


The 


ends of the articles are particular ly use- 


source references given at 
ful to graduate students and research 
men in general in reading the modern 
iterature in any given subject. It 
seems clear that all libraries professing 
to cover technical literature to any de- 
gree at all should possess this book and 


ts predecessors and successors 


Planning Guide for Radiologic 
Installations 


THE AMERICAN COLLEGE OF RADIOLOGY 
(The Year Book Publishers, Inc., Chicago, 1953, 
xvi 336 pages, $8.00) ed HAN 
: B 7 ag 


Review 
Health and Satet L 
York Ope 
~ in the form of 


Ss unique vorlume 


by some 50 leading 
ot the pliases ol 
ind its related fields 
tl phvysies, 
nent manulacture 
stration 
problems 


Mioperu 


] 


and accountant all rolled up in one. 


The guide consists of 22 independent 
essays on as many different subjects, 
a wide range ol items extend- 


the 


covermg 


ing from nuclear properties of 


radioactive bromine to a discussion Ol 
the circumstances unde which a radiol- 
ogist may claim a cocktail party as a 
legitimate professional expense. In 


the technical sections, of most interest 


to Nucieonics readers, there is a 


wealth of material on radiation prop- 
erties and shielding. 

Although the chapter on Radiation 
Protection covers the subject us it re- 
lates to X-ray 
materials quite completely, 
dealt 

other 


radium and radioactive 
the same 


subject. is with in seven other 


chapters by authors with some 


diversity of opinion. For example, 


there seems to be some disagreement 


as to whether there should be an 
condemnation of mobile 
screens for XN-ray shield- 
dental X-ray 


controls should be located in separate 


unqualified 
leaded floor 


ing and whether or not all 


booths 
ticularly gratifving to see 


the 


It was 


in print for first time the use of 


occupancy factors 1 shielding require- 
ments The common assumption that 
all possible accessible places should be 
1S hours a 


eonsidered as occupied Tol 


week. indefinitely, with the radiation 


in its most unfavorable position 


fantastic 


has tre 
shic ding costs 1b the past which hay 
The 

protective 


quently resulted in 


often been unnecessary exten- 


sive tables on secondary 
barriers should prove particularly use- 
ful in providing a more practical ap 
prow h to the X-ray shielding problem 
the 


In another chapter statement Is 


made that no X-ray units are manu 


NFPA 


operating-room use 


lactured int) meet require- 


This 


leading 


ments lo 


is in disagreement with one 
claims, al- 


rect at the 


equipment manufacture! s 


though it probably was co1 
preparing the text 
» been 
r 
isotopes laboratory 
omitted from the ex 
Ventilation 
ind mentioned but briefly in 


HISCUSSION 


would 
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appendices, including their 


plates, some of which are iden- 
plates in the text and with 
hand- 
the 


for a 


when the original 
be purchased from 
Ofhice 


The reproduction 


rnment Printing 


minal sum. 

idbook 41 not 
Important May 1950, 
That of Handbook 54 ts 


raft, and the final report (of 


does include the 
corrections, 
from a pre- 
s reviewer is a co-author) con- 
gnificant changes. 
onsidering everything, this volume 
ibtedly the most complete and 
ineed omnibus type of book (a 
ming more and more popular 
fields to be offered 


worker in 


re- 
It is a must for any 
who wishes to 


radiolog, 


reast of modern planning. 


Dislocations in Crystals 


By W. T. READ, Jr., (McGraw-Hill Book Co., 
Inc., New York, 1953, xvii +228 pages, $5.00). 
Reviewed b FISHER 


Services | General Electric 


Engineering 


Co 9 S« he 


Joun C 


Twenty-five crystal im- 


yvears ago, 
rfections called dislocations were in- 
d into physies to help explain 


mechanical weakness of crystals 


At first, dislocation theorv was rela- 


simple and qualitative, and 


nted ina general way for the soft- 
plasticity of metal crystals. 


went on, the theory became 


MIMpIerx and 


vered that 


quantitative. It 
not only could 
id strain-hardening of erys- 
lerstood in terms of disloca- 
that 


dary 


ervstal growth and 


energies and motions 
d be understood 

on theory Is mm a period ol 
wth. Some applications of 
ire well worked out, experi- 
erified, and generally ac- 
‘as others still are quite 


In his 


d has gathered together those 


e and controversial 
disiocation theory and ap- 
that have passed beyond the 
e stage, and that will remain 
future 
s divided into two parts. 
slocations and dislocation 
ribed 


and developed 
The 


energies 


rst. principles Crvs- 


) 
topology, 


and 
thei 
In the second 
the 


resented, Crystal growth 


dislocations and 


aiscussed., 


nded ations ot 


appl 


i’ n-t maary energies and yrain 
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For SAFETY Sake 


Get The EXTRA PROTECTION 
This KEWAUNEE HOOD Gives! 


This new Kewaunee Safety Hood No. 3635 
gives your laboratory personnel 5-way protection: 


@ Hood constructed entirely of 14 
ga. stainless with 14” thick 
Pyrex glass viewing panels and fluo- 
rescent light. 


steel 


e When gloveport panel is removed 
for fume hood work, uniform veloc- 
ity of 100 ft. per minute is provided 
through the opening. 


e Interior of hood and all welds 
ground and polished to satin finish 
for easy cleaning and decontami- 
nation. 

e Hose connections for air, gas, 
vacuum, hot and cold water and 
110v electric current. Integral cup- 


@ PROTECTION IN HANDLING RADIOACTIVE MATERIAL 
@ PROTECTION AGAINST BACTERIA 

@ PROTECTION AGAINST VIRUSES 

@ PROTECTION AGAINST TOXIC MATERIALS 


@ PROTECTION AGAINST FUMES 


sink and swivel spout water fixture. 
Neoprene gaskets throughout 

e Blower, sterilamp, receptacle and 
fluorescent light indicators and 
switches conveniently located out- 
side. 

e Exterior of hood and steel base 
finished with acid resistant enamel. 
@ 1-piece welded stainless steel tran- 
sition duct section. Provision is made 
for attachment of vestibule or en- 
trance chamber to either end of hood. 


@ Outside measurements: Height 
(with stand) 6 ft. 6 in.: width 2 ft 
8 in.; length 4 ft. Hoods also avail- 
able in 5 and 6 ft. lengths 


Write for descriptive literature and drawing on the Kewaunee 3635 Safety Hooa 


We also manufacture all types of Stainless Steel Equipment for radioactive 


laboratories. Laboratory tables, sinks, etc. for all types of laboratories. 


Manufacturers of wood and metal 
laboratory equipment 


Representatives in principal cities 


Want more information 


Use post card 


“ J. A. Campbell, President yr 


5083 S. Center Street . Adrian, Mich. 
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nsert in this issue 





boundary motions are treated in detail 

The processes of plastic deformation 

and work hardening, on the other hand 

“4 7 4 for which dislocations were introduced 
High ) oltage Resistors in the first place, are not discussed as 


applications of the theory, although the 
main ideas relating to these processes 
are presented at a number of places in 
the book 

I believe Read’s book to be an ex- 
cellent development — of dislocation 
theory, equally suitable for those un- 
familiar or familiar with the field. The 
ipplications of the theory are clear cut 


ind highly instructive. The readet 





Is prepared after reading the book, to 
; 1] ‘ . Bt } . 7 

roOlOWw Tt I IC] vel ? 
ovailable. These iid hie ithe development of the 
RPC High Voltage Resistors are being resistors are theory, and in particular to exercise his 
used in quantity by foremost manu protected against corona udgment with respect bn his euas appli- 
focturers, laboratories and government and mechanical damage by a high 


cgencies where stable dependable dielectric plastic jacket. They are cations of the theory, such as plastic 
resistors are required readily mounted and can easily be deformation, that still are “a specu- 


assembled to make tapped resistors. 
Lengths from1'' to 6'4''. Voltage ratings 
to 40 KV. Power ratings up to 10 watts. 


c 


Special designs available where spac lative and controversial 





"g requirements or corona presents 


oc problem. 
Type D High Voltage Resistors are 


Type B High Voltage Resistors can be larger tubular units and are available BOOKS RECEIVED 


furnished in values to 100,000 megohms for voltages to 125 KV. Power ratings 
Standard tolerance is up to 90 watts. Sizes to 1812"' long. y : , 
15%. Closer tolerances Available with lug or ferrule terminals. Physics and Applications of Second- 


ary Electron Emission, by H. Bruining, 

RESISTANCE PRODUCTS Co \MieGraw-Hill Book Co., Ine., New 

° York (Pergamon Press Ltd., London), 

714 RACE STREET HARRISBURG, PENNA. 1954 ci + 178 pages $5.00. This 

Mokers of Resistors — High Megohm, High Voltage, High Frequency, Precision Wire Wound book surveys the physics and applica- 


ions of secondary electron emission. 


The first seven chapters are devoted to 





the ; physical side. The last three 


HEVIMET...a created-meteall ||: :! si ayotcation o 


electron multiplication, elimination of 


for radioactive screening disturbing effects due to secondary 


electrons, and electrical-charge storage 


devices utilizing secondary electron 
® Features high density in emission. 

minimum bulk 
Active Networks, by Vincent C. Ride- 
© Offers 1.4 times more gamma | vit, Prentice-Hall, Inc., New York 


ray protection than lead 1954, xvi +485 pages, $10.65. In 


. : covering the amentals of the sub- 
Carboloy Hevimet has a density overing the fundamentals of th ‘ 


of 17.0 gm/cu cm (lead is 11.4). It 
is dimensionally stable, strong in network analysis. Although emphasis 
compression and tension, and is is on vVacuum-tube circuits as applied to 


ject, the author utilizes four-terminal 


machinable. communication and control engineer- 


Currently, Hevimet is proving ing, the transistor is treated in con- 
invaluable in many projects for siderable detail. Sections are included 
radioactive screening, including on thyratrons, magnetic amplifiers, and 
atomic research and nuclear con- 
trol applications in industry. It is 
also used in mechanical parts 

comes 2 : wee a re where its great inertia in small 
evime Is idea or containers ° : ° ° 

for radioactive materials. With it, less bulky size is useful. Available in many ALSO OF NOTE 
shields can be made, because it is machin- sizes and shapes or designed to 
able, strong, nonporous affords 1.4 y Shy . T ° ilabl \ " f 
times more gamma ray protection than lead your needs. Write today. Iranslations available. list of 
translations in the Special Libraries 
CA R BO LOY Association Translations Pool is avail- 

ible The 73-page list comprises 1,100 
DEPARTMENT OF GENERAL ELECTRIC COMPANY 

11130 E. 8 Mile Ave., Detroit 32, Michigan 


Plants at Detroit, and Edmore, Michigan 


position-control servomechanisms, 


translations in the Pool as of Oct. 753. 
An addendum to cover several hundred 
translations contributed in the interim 
vill be issued shorth S.L. A. Trans- 
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Carboloy” is the trademark for the products of Carboloy Department of General Electric Company 

















Correction 


During preparation of the cover of 
the April, 1954, issue of NUCLEONICS, 
a decimal point and the numeral | 
The bottom of the 


performance index scale should be 


were omitted. 


labeled 0.1, not zero. 











John Crerar Library. 86 5 
Sf Chicago 1, Ill. (include 


postage 


Protection Against Betatron-Synchro- 

tron Radiations Up to 100 Million 
Electron Volts (NBS Handbook 55 
presents recommenda- 

the National Committee on 
Protection Protection re- 

operating personnel, 

ents, and the public against 
hazards of the accelera- 

ined. Recommendations 

fora consistent svstem ot 

measurement procedures 

be applied to radiations with 
ve 5 Mev. 

» Office, Washington 25, D. C 


Government 


} 


Lead Handbook for the Chemical Proc- 
Chemical and physi- 


lead and lead products 


ess Industries. 


ibles that include: physi 
1 electrical properties 
Working pressures [ol 
acid data: eutectics of 
1 thickness vs X-ray pro- 
nlormation for various 
ersion tables for me- 
heat, and chemical 
r data; properties of 
weights of vari- 
fecommended — con- 
ind = typieal  in- 
mn tor lead-lined 

ited Metals Di 

ting and Refining Co 

| ) 


Measure- 
ments of Radioactivity (catalog No 
Safe Handling of 
Radioactive Isotopes (catalog No 
HE: 12, 80.20), Control and Re- 
moval of Radioactive Contamination 
in Laboratories (catalog No.C13.11:48 
80.15). Atomic Power and Private En- 
terprise italog No. Y4.At7/2:Ens 
$1.25), Radiological Monitoring Meth- 
catalog No 


Government publications 


C13.4-476§. $0.45 


ods and Instruments 
( | 51 SO.15 
Government Printing Oflice 


Wa for 7) i ie 
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MODEL S-14-B 


DC COUPLED 
REPETITIVE OR TRIGGER 
1.8 us RISE 


V 
ANOTHER EXAMPLE OF 1. 7mZe~masz PIONEERING... 


The WIDE BAND POCKETSCOPE, model S-14-B, hits a new high in 
frequency response for light, compact, truly portable oscilloscopes. The 


response extends all the way from DC to 700 KC within 2 db without 
peaking. Thus providing a pulse rise time of 1.8 microseconds. Furthermore, 
sensitivity has not been unduly compromised in order to accomplish such 
fidelity. The vertical sensitivity is 50 millivolts rms/inch. The sweep is oper 
ated in either a repetitive or trigger mode and covers a range from 0.5 cycles 
to 50 KC with synchronization polarity optional. Other essential vertical 
and horizontal amplifier characteristics include non-frequency discriminating 
attenuators and gain controls as well as individual calibration voltages 
Additional provisions for direct access to all the deflection pl ites, the second 
anode, and the amplifier outputs help to make the S-14-B a standout instru- 
ment of flexibility and utility. All this plus portability! The incredibly small 
size and light weight of the S-14-B now permits “‘on-the-spot’’ use of the 
oscilloscope in all industrial, medical, and electronic fields. Its rugged con- 
struction assures “laboratory performance” regardless of environment. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 


$-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE 
$-14-A HIGH GAIN POCKETSCOPE 
S-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC™ Cathode Ray Tubes 

and Other Associated Equipment 


a 
WATERMAN PRODUCTS 
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NEWS 


AEC’s Top Management: 
Strauss-Nichols Team Molds Atomic Program 


Atomic Energy Commissior like the bombs if produces Pucks ua 
powerful wallop for its size 

With a staff numbering less than 6.500. AE( manufactures bombs and 
warheads that form the b isis of the whole “new look” military strategy 
By the middle of next year, this tiny organization will be directing opera- 
tion of some $7-billion worth of plants and guarding sto kpiles of several 
billion dollars worth of fissionable m 
terial, Construetion program of AK( oO 1 ul itomic blasts of ry duced the first 
this summer will account for around ! ons n the background of research, d opment. ce 


i 


0% of all construction spending in tl CO! Hea for tighter urity ign and construction ¢ he unprece- 
country. By next winter ! ill “i RUSS HU ( gaseous diffusio int at Oak 
using nearly 10°, of all eth 1) \\ big ‘in then lige and the prod 


iu 


I 
power produced in the nation ir Weapon dey rd, which turn 
On top of all this, legislation 1 14 I hairman vhio ls ! \-bombs 

fore Congress would han reins im on. the 
regulatory and control po rs ove! KI nh more his backbone 
brand-new nuclear power tust! S| han for his UZLTeCSS! 
\Masterminding this hn Ol ( en as 4 dissenter in earlier ( 
ergy empire, which extends { \ ce, Strauss staved o1 
to the uranium mines of 4 rig \ iopted by forme: 
Congo, are two S20.000-5 1 ( ruman over AEC’s major 
cabinet rovernment emplo r ! \ Manvel 
Directing the broad yy ( ! though 
iene is ARC Chairmar \ I of reticence 
Strauss, investment ba 
War IL admiral and lor 
int As head of the 
Hhission he Is rough equ 
Chairman of the board o 
lion public enterprise, 
Translating Commissiot 
bombs warheads power] 
X-ray machines is Kk. D 
retired Army Corps of 
eral and as moving loree 
itomuc bomb project 
The Strauss-Nichols 
ind controls the nation’s 
Operations Strauss, an ott 
Ing member of the origina nie itomu 
back as chairman last Ju . ‘ for top Al 
who had been a econsultar t Iss, O i the few 
special weapons — proj nee hy il Reserve, was tl i\ statements on atom 
stepped out of the atomie bor ect eX on atomic energ, ring tl Industrial power. 
In 1947, was brought inas AEC vey e A-bomb project t mem ho 
manager last November ] ( he original AEC, he ifrom Ah 
The team is already putt o jt | 1950 He was bro 
brand mark on AE( to \ ngton early last vear 
operation 
As a minority member 
AKC, Strauss was one 
nussioners who fought for development . ols, ascholarly enginee 
of the hydrogen) bomb ( ( ( t officer assigned to the 


AC into setting up a dete 
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+ 


tting H-bomb development 


With his cultivated sense 


there is reason to believe that 


his term as chairman to be 


or its development of the 
Ises Of atomic energy. 
eK as 1946 when the present 
gy act was being written, he 
ithe hope that this new energy 
kd be eventually harnessed 
Americat 


federal monopoly over 


enterprise 


1 temporary expedient 
military defenses. 

farly widely known in 

help to aecount for a 

he new spurt of enthusiasm in 

lisplaving for nuclear power, 

mal vey conducted early 

ARC Conimissioner 

av convinced the 

vate industry was 

make immediate siza- 

contributions to nuclear 

About the sam 

the government 

allocating som 

topment and con- 


ale civillan nu 


f last vear, witl 
rman, ARC issued a 
industry 


-ressurized Water 


to mvest 


ned by 


‘ig desig 


yon construction and 
the PWR 


thy Dricquesne Light Clo 


In ahnouneing 


kecd ais the tmost 
estinmited it would 
vernment funds 


Ah 


te by Ak 


roposals, drawn 
sented to Congress by 
still another basic 
ndustrial nuclear 
It all or even 
written 
credit 


Strauss- 


anner, 
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Washington Report 


With public hue ings under Waly on proposals by the Joint (Committee on 
Atomic Energy to amend the Atomic Energy Act, the following broad conclu 


SIONS ¢ an be dt iwi 


BP if the first version of the bill were passed as written, a vigorou 


energy tndustry could be started 


born 


ee Phe bill contains some provisions unacceptable in their present form toatl 


least one pom of view? either the Jomt Committee. AEC or industry 


In most cases, these provisions were written into the bill because agreement 
couldn't be reached in committee and a point of view was needed to facilitat 
public discussion In other cases, the Joint Committee wanted to get a prin 


( iple across 


P Barring filibuster tacties, 


parties will be reported out by the Committee at the conclusion of the heat 


a compromise bill satisfactory to the principal 


ings. The committee staff has been working nights incorporating certain 
recommended changes with a view to coming up with a first revision of the 


bill that may be published even before the end of the hearings 


KP Although the (KE 


on the Committee bill have not been heard in publie, AEC’s position on Com 


proposed bill has not been made public and AEC views 


mittee proposals can be deduced from a rereading of the President's message 
pro} 


of Feb. 17 NI . Mba a4, }) ra 


An analysis of the various views points towards a shakedown on the con 


troversial provisions as follows: 


P Private firms will be permitted to receive licenses to build, own and operate 


power reactors. “The only opposition to this comes from: the small minority 


opposing any industrial participation at all 


PR Phe government will lease fissionable fuel to industry Although there are 
some in industry who feel actual ownership of fuel is vital for financing and 
simplification of administration, most will accept leasing assuming appropri 
ate guarantee on the availability. of fuel If for no other reason than the 
political infeasibility of fuel ownership at this stage of development, the 


Joint Committee will not yield on this one 


controls on fuel will be made more 


P Licensing powers of ARC and Ake 
detinitive Industry objects strongly to broad, homspeciiy powers given to 


\ he Phe Committee sustains industey on this 


PB \ compromise will be reached on patents Normal patenting, proposed in 
the bill, is 


members of the Committee 


supported by industry but is questioned by at least three or four 
Chairman Cole rules out compulsory licensing 
Phere 


will probably be some stipulation whereby no company will be permitted to 


as bemge un nstitutional and has spoken out for normal patent 


com “a praate nt that would be umusu illy restrnu live on the erowth of the indu 


try at least during the early vears 


PB Phe proposed review board to hear complaints about AKC actions will not 
vet into the final bill in its present form Ah 
ti board 


licensing rehions Ah 


vehementhy objects to having 


‘look over its shoulders” and be the one to make ullinnate decisions on 
prefers that appeals go to the courts, but this over 
looks the problem of trials necessarily involving restricted data Some halt 


way measure will have to be found 


& Proposed 


pletely Instead, strong statements authorizing and encouraging 


“three-vear life’ for restricted data will bn knocked oul 
ARC to de 


classify and disseminate information will be inserted 


P Requirement that ARC report to Congress on the social, political, economi 
and international effects of nuclear power before the first license for a nuclear 
plant is gt uted will be modified to stipulate before the first competl 


live” plant is licensed Licenses for “unproven” plants will be permite 
immediately 
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Nichols must assume at least months ago described 
the blame if the proposals are 


the | | 


lings this way, ‘‘Sure, I’ve had 


logjam of legislation tha mgres i e offers from industry before 
was fairly well satisfied here 


Now 


om an old to a new administra 


at the end of tl 310 ’ I 

lative propos with the natural tran- 
gress had requested lor ¢ 
uncertainty 


Faced 


more incentive to 


did not rive until there is the usual 


other organization. 


Likew) a reports su i Dol poleyv ane 
five eur reactor progral this, there is 


chedule ike the 
there have been more 


move to outside industry 


when the legisla In a than a 


lozen shitts in the top AKC echelon 


Furthermore, 


proposals did come to tl 
gressional Committee, the st of these heing promotions toward 


icant positions or to re 


sidered inadequate for res sitio? long 


evenas a bill for discussion men who have left. 

been several fune- 
that 

ing-up 


These include the shift of 


mittee spent precious week pu y I also have 


presentation ong changes in organization 


them in shape lor public | 
Public hearings that had once be 
Mare] 
started until mid-) feed 1 ils production responsibili 


New York to Oak Ridge 


this delav 1 1 on of the San fT 


pokesmen describe as tid) 
pected to begin in early 
not saetually 
Congressional sources 
Fran isco Olli 


toa field office 


hare of the blame for 


if thie ALC doorstep ition 


1 contracts 

Organization 
At) Nichols 

shaping up as a true 

staff 

filled. Probably for the first 
AKC was chartered, ther 


assistant general 


direct ( 


posi lons long reactors braneh ren 
tugh thus far it is a Comparath 
operation. There is no ind 
it Nichols’ Army 


m operational polis revi I | undue influence on this move 
Vth ofa 


manage! background 


Close eve 


ously there had been an a branch is an outgro 


ager in charge of admiunist n, but ( ng ud on military 


tis now mo 


the manufacturing post, a Ve er 1 ( rs that 


one for research and mdu iction stage 


transition ts 
Until it jells, there 


ment. had gone vacant. NnNecessuril 
Still missing from near tl 
4 deputy yeneral 1 navel I question-marks in the 
Division al 
ecustomed to repo 
sistant gener manager are finding 
is doubtful whether 
needed 
eral top men have 
ving the new reneraci 
iit freer hand in filling 


AMC's Santa Fe 
Robert PL Peterser 
dustrial and production re 
l Caving Mm June (ft 
nations include those 
Colby, who was direetor 
and | | 
wer of Idaho operat 
Although there n 
here and there, it 1 
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consideration at the top 
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But division directors report that it 

is easier to get a decision on day-to-day 
than formerly. 


While ac- 
] 


cess to the general manager is severely 


operations 
restricted, enough authority has been 


delegated downward to permit deci- 


sions on all but major poucy matters 
In time 


out, there is a possibility that responsi- 


when the kinks are worked 
fixed more squarely at 
thus 
extent the 


bility will be 
compensating to 


} ] ] 
Wwe leve 
lowell leVels 


limited access to 


some 


the general manager and individual 


Security vs. Information 
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that are available to the public 


of the Com- 


These are all public ations 


mission,” he will tell a ealler, ‘‘and 


Inost people seem to think that we 
don't publish anything 

W subjects Ss Strauss as sensi- 

on security and information 

He thinks he is unjustly ac- 

exaggerated security require 

Informally describes his 


DoOsITIO! is being lor 


ments 
‘less restrictions 


, 
where they are not needed and 


in the sensitive field of mili- 

ry a l itions ds 
But when called on to make a formal 
matters he 
i Many 


of association with the problem 


declaration on. security 
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oN PN Rotem D) 
te 


... contains complete descriptions, specifications and illustrations 
of Tracerlab’s nuclear instrument, radiochemical and laboratory 
accessory line . . . the largest and most comprehensive of any 
manufacturer in the nucleonic field. Included are the new Auto- 
scaler, available in seven models; the Automatic Flow Counter; a 
newly redesigned Laboratory Monitor; several new Geiger-Mueller 
tubes, including the TGC-20 Well Geiger Counter; new sources; 
as well as many new chemicals and accessories. A unique section 
of this catalog describes such custom equipment as the Liquid Scin- 
tillation Detector, MEW Counter, Multichannel Analyzer, Argon 
Gammagraph, Robot Scaling Equipment with Robot Sample 
Changer, Facta Printer and Automatic Chromatogram Scanner, a 
Beta Ray Spectrometer, Four Pi Counter and special air monitors. 


If you haven't received a copy, please request one. 


han a WASHINGTON @ NEW YORK @ HOUSTON @ ATLANTA 
- LOS ANGELES @ PARIS @ CHICAGO @ CLEVELAND 


130 HIGH ST, BOSTON 
2030 WRIGHT AVE., RICHMOND, CAL 
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Republic Steel to study applications. Robert Po Petersen, chief of the 


industrial and production reactors branch of Ak¢ division of reactor develop 


ment, will join Republic Steel Corporation on July | to study and develop 


the st 
= 


means of using nuclear ener 


Dow-Edison work enters test stage. haa ipproved Dow-Edison 


groups (26 project compan plan to perform experiments and preliminary 


engineering toward development er reactor Phe compan 
pend S2.3-million this year Resi | AKC facilities will entail 


n equal amount on work of 


will 
S300,000 of this The 
direct interest to ALE 


Purdue plans two-week radiochemistry course. Industrial application 


tration laboratory COUN 


of atomic energy will be cove lit lem 


to be prese nled at Purdu rit t | | 93 Basic prin ipole s, ONperi 


ment design, and inst 


Harwell starts its fourth reactor 


bein built at Plarwell willy 
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f UVSt To Produce A Line of Production-Standardized 
Halogen G.M. Tubes for Science and Industry... 


mee 


PRESENTS 2 NEW 
MICA- -WINDOW, UNLIMITED-LIFE 


ment COUNTER TUBES 


with HALOGEN FILLING 









TYPE 230N Alpha-Beta-Gamma Geiger Counter 


A small, end Mica-window tube with optimum dimensions for com- 
pact probe application. Has a low background count and thin 
(1.0 to 2.0 mg/cm?) mica window. Filled with Neon and an infinite- 
life halogen quench admixture for low voltage operation. Absence 









of external flanges and uniformity of electrical characteristics enable 
this tube to be bundled in multiple arrangements for greater direc- 







tional sensitivity. 


TYPES 240C and 240N 


Type 240C is a small diameter X-ray counter. The long sensitive 
volume and the thin window give high X-ray efficiency, and the short 












dead time expands the sensitivity range for which linear response 






is possible 






Type 240N is a probe tube with a long cathode that makes it 
sensitive to Gamma radiation at tolerance dosage levels. The dimen- 
sions of this tube and the presence of a mica window give Alpha 
and Beta sensitivity to survey instruments using it in place of tubes 









sensitive only to Gamma and hard Beta radiation. 










AMPEREX has the most complete line of unlimited-life, halogen 
radiation counter tubes . . . actual production line models. If you 






have a requirement for radiation counter tubes, the chances are 






that AMPEREX can supply you immediately with a tube from our 






regular line. Save time... save money . . . write today for detailed 






literature, on geiger counter and other electron tubes, or consult 






your nearest Radio Parts Distributor. 


AMPEREX ELECTRONIC CORP. 
(3 


















230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND TYPE A 8 c D 

\Vw, In Canada and Newfoundland: Rogers Majestic Limited 230N ly,” 5” 2%," 3%" 

A 11-19 Brentcliffe Road, Leaside, Toronto, Ontario, Canada 240 (Cand N) 4" 5“ 5%" 
AMPEREX! Cable: “AMPRONICS” 











Yours for the 
. 
asking 
Now available, 
the following 
| bulletins offering 
latest 


developments in 


SCINTILLATION COUNTERS 


BULLETIN # 

Sintilon Brand Scintillation Crystals 
BULLETIN #6 

Sintilon Brand Plastic Phosphor 
BULLETIN #7 

Crystal Holders and Accessories 
BULLETIN #8 

Sintilon Brand Sodium lodide Crystals 
BULLETIN #9 

Interchangeable Alpha, Beta 

Ray and Neutron Dectectors 
BULLETIN #10 

Standard Crystal Sizes and Price List 
BULLETIN #11 


Scintillation Detector Heads 


Gamma 


With your request, we wt 
at no cost, our special ea 


file folder. 


Valiomal Fdac INC 


u Dept. N-6 
10 CRAWFORD ST 
NEWARK, NEW JERSEY 











PHOTO 
EQUIPMENT... 


eared to 
INDUSTRIAL 


FREE 55th Annual Catalog 


96 Poges crammed 
with THOUSANDS of 
Newest Photo Tools 
Cameras (Press, Stu 
dio, Candid, Special 
Purpose, etc.), Lenses 
Projectors, Lighting 
Equipment, Develop 
ing Equip., Enlargers 
etc., for Amateur — 
Professional in daily 
Scientific or Indus 
trial work 


CAMERAS— of ail types! Special pur 
pose, Photomicrography, Laboratory, NEW 
POLAROID LAND BACK, etc 
LENSES— World's largest stock from 
3g" to 72°. — All speeds, and types 
special Mounts, Lenskoting, etc 
LABORATORY EQUIPMENT — 
Stainless Steel Equipment, Dryers. etc 
Write TODAY to 





Burke « James, Inc. 


FINE PHOTOGRAPHIC EQUIPMENT SINCE 1897 
321 S$. Webesh Ave., Chicage 4 Iilineis, U.S.A. 
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oelectric generation or with future 


powel favorable 


developed ut 


n where nuclear plants pro- 


heaper energy, they won't be a 


stimulus to economic growth 
r costs are only a small part ol the 
ing costs of most industries. 
estment incentive and sound busi- 


thei 


nes management will retain 
essential roles 


® Highly 


th dwindling low-cost energy sources 


industrialized countries 


are most likely spots for nuclear power 
Great Britain and 

Japan are good examples. 
@ Except in special cases, 
is likely to be 


conventional power sources 1n the 


development 


nuclear 


less economical 


veloped areas. 
® Some countries will go ahead with 
lear power projects, even though 
omni for reasons of national 
or to conserve seurce toreign 
change 
(oni cost 


advantage that nuclear 


offer over conventional powel 


plants is in the fuel. The reactor will 
be more expensive than the boiler for 
conventional coal or oil plants. Cost 
f turbines, generators, switchgear and 
nsmission facilities will be almost 
n cost 
ce the fuel cost of operating a 
electric generating plant runs 
tbout one-third of the total pro- 


SaVINgS Is 


Great Britain. 


What by locating more plants at  pit- 
heads and the integration of power into 
the super grid now under construction. 
But even with these advantages, the 
rising cost of coal will boost powel costs 
to around 1] mills/kwh dur 


20 vears. 


ng the next 


If half of new capacity additions 
beginning in the mid-1960’s are nuclear 
powered one-fifth of 


total 


approximately 


generating Capacity would be 


nuclear powered by 1975. On this 


basis, assuming nuclear power at a 


1 


cost of 7 mills/kwh, there would be a 


total saving of around $136-million 
annually ove coal-powered plants. 
Japan. This is another industrial 
nation with dwindling conventional fuel 
resources It has tapped most of its 
favorable hydropower sites, which now 
furnish about 80% of the nation’s elee- 
Domestic 


tric powel! requirements 


coal, for the most part low-grade and 
high-cost, furnishes most of the remain- 
ing 20% 

indicate 


Best figures available 


powel produced at Japanese 
plants runs around 20 mills /kwl 
Thus nuclear powel will be able to 


compete with some 20° of Japan’s 


power generation whenever the new 


] 


power source can be efficiently devel- 


oped at something below 20-mills 
Biggest barrier to nueleat powel 
velopment in Japan is the lack of 
oncerted research or development 
some baste res ire| s UunN- 

need to the 


but it has not ad 


renaetors 


it to ee pet \ } CONN 
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tional plants with access to cheap fuel. WANT MAXIMUM PERFORMANCE 


The financial situation adds another 
dimension to the nuclear power picture IN he i we i M U M SPACE AND WEIGHT? 
in Brazil Because there is ample 
opportunity for high-return specula- : . 
tive activities, little attention has been aac TYPE 4BQA 
POWER D. C. 
SMALL, LIGHT—CONTACTS 
HANDLE HIGH CURRENT 


n to electric utility investment in 
country. This is one of the main 
isons for the current power shortage. 
Nuclear power, with its higher initial 
investment requirements, would be in 
i poor competitive position with con- 
ventional thermal generation. 
Northern and Southern Rhodesia. 
Although the Rhodesias have huge 
potentia deposits of nuclear fuel ores, 
there is little reason to believe it will 
turn to nuclear power to solve its pres- 
ent energy shortages. 
Reasons are that it still has ample 


resources of hydropower and coal, both 


TYPE 4BQA 
MULTI-CONTACT D. C 


SMALL, LIGHT 
SENSITIVE 


ch can beat the assumed costs of 
Dowel 


Brazil, the Rhodesian power 


wes arise Irom failure to attract 


investment in electric utility opera- Among the wide variety of Standard Phil-Trol Relays 
tions. Nuclear power would be no —{ you will find many designed to solve your “special” 
solution to that problem. problems... like the types 4BQA and 4BQA POWER 
Thus it seems a good bet that North- shown above. While both are small, compact, light- 
and Southern Rhodesia will export P y weight units, each is designed to perform its job best. 
| ©" soon *nsesd For example: 

piece The 4BQA Multi-contact D.C. is used where very 
sensitive or marginal operate and release factors are 
required. This relay may be provided in multi- 
7 contact combinations with as many as 12 contacts. 
9 Groups Offered to . bs — Power a D.C. has the _— to 
: = | andle large currents on the contacts. Standard con- 

Build, Operate PWR am ei tacts are rated at 25 amperes. 


ae — 
Nine electric companies and industry ~ THT | These are but two of the many unusual Phil-Trol 
rouns offered to join with the Atomic ee designed relays that will help you solve the “tough” 


uranium ores while they exploit 
cheap hydro and coal resources END VIEW 


mestic power, 








application problems as well as the simpler ones... 
and with security in knowing you will always have 
SIDE VIEW dependable performance. Send for a new Phil-Trol 
Catalog — today! 


Commission in building and 





ye the first utilityv-size atomic 
int in this country 
st of bidders was disclosed re- 
though the Duquesne Light 
a been recepted more than 
er (NU, April "54, p. 7S 3 6QA Relay 
vin the design stage at = 
lectrie Corp. and will 
land furnished by Du- 
ght near Pittsburgh ARC 
Lewis Strauss has estimated 
33AC Relay 
» offer, which includes a 


30A Rel 
ntribution to design and Q ““ 


= Well aS Ussuming opera- 4QA Relay £ on ee re 
full plant, will save the 
some $30-muillion PHILLIPS CONTROL CORP 
Dept. N, Joliet, Illinois 


met i ie follow- 
+ Duquesne Light, the fol . Please send me a free copy of the new 
firms and groups also offered on Phil-Trol Relay and Actuator Catalog. Also, please oar 
= range to have a Phil-Trol Sales Engineer call on me 


cale’’ participation In the 4g THe REGISTERED TRADE MARK OF 
atomic power plant project 


Nome 
gid PHILLIPS CONTROL CORP. iets, 
onstruction Co., Portland JOLIET, ILLINOIS 


onnecticut Light and Power A THOR CORPORATION SUBSIDIARY 
OFFICES IN ALL PRINCIPAL CITIES City 


Street 


Conn.: 3. Consumers Pub- 
District, Columbus, Neb.: 





stern Utilities Association, Bos- 
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POCKET 
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K-700 Pocket Chamber 
(AEC 2PIC-2E) 
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K-300 Slow Neutron 
Pocket Chamber 
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A Charge-Reader 





i FREE Bulletin! 


KELEKET Instrument Division 


266-6 W. Fourth St., Covington, Ky 
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ALL TYPES OF 
STAINLESS STEEL 
FASTEMINGS 





@AN WASHERS 


Fillister Heods @Special Screw - 
@Studs, Stondard Machine Products * ~ 
& Specia @Closs 3 Screws 
/A ay 
Ye 


Star Stainless Screws Have 


Clean, Bright-and-Shiny Heads 


STAINLESS SCREW CO, 


. % ARm 4-1240 
Gap (ap Da ory 
226 Paterson 2, N. J 


Union Avenue e 
ph ¥ YORK Te Wis 4 4 
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product ties at H i; a 
$1.5-m ts 
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Reactor 
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MODERN Problems 
NI s4 for waste en ent 
gist soo or were vonvent TD eae et ERG coo MODERN 


2OAOO te sanitary engineering 


eather Bureau, Publie Health 7 @ EL Ww Er | | @* Na 7? 
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=, test facilities, and 
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ocessing plants. ree 


$2.7-Million Research 
Reactor Planned for ORNL 
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( tor soon will be built 
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National 
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LARGE INSTALLATION 


lie ' , 
lil raed 


This large computer is used for the rapid solution of cero-dynamic problems 


il 
‘ 


bed 


1! 
-mniitior : : 

% ee It consists of 50 operctional omplifiers, 10 servo multiplying channels, 4 resolving 
Or rested in the “55 
channels, and a control console with two pre-patch boys, 156 attenuators, two 


voltmeters, and all necessory operotional controls 


Divided Shield Gives 
Lighter A-Plane Shield 


t ~lield weight can 


; SINGLE PACKAGE COMPUTER 


TT 


enr-powered ill- 


the reactor partiall Our Type 16-31R Computer is a single package 
Shen onal computer capable of solving differential equations with 
iby placing the res 


mony simultaneous elements which are often encountered 
crew ata com . . : 

in the simulotion of dynamic systems. It contains 20 
operational amplifiers, 4 servo multipliers, thirty-two 


bard of ek- 
bard of Lock attenuators, all-metal removable problem boord, and 


ba | propel Corll- 





complete control panel 
ched between renc- 
Ty pe of reactor 
and effects on 


naintenance giso 


MEETINGS 


June 20 25: American Institute of 
Chemical Engineers’ International Nu- 


PLOTTING EQUIPMENT 


clear Engineering Congress; Univer- For presentation of problem solutions, 
] C SS) , 


sity of Michigan, Ann Arbor, Mich. 


=~ WV be presented on 


the Voriplotter Plotting Boords provide on 
occurote inked record. Typical uses include 
the automotic plotting of: Anolog Com- 


(| aducation: | i(’- : : : 
hs ae puter output; guided missile data; engine 
ils chnolog — 
a 9 = performance characteristics; and control of 








monufacturing processes. With accessory 
equipment the ronge of applications con 
be greatly extended 


Write Dept. 


wees ELECTRONIC ASSOCIATES INC 
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PRODUCTS 





Scintillation Counter 


The model DP4 well-tvpe scintillation 
VI 


counter is supplied) with a sodium 
iodide crystal in a probe assembly that 


The 


crystal. 


can also be used separately 


probe accepts any type ol 
6292 
tube 6AKS 
The tube is shielded 


lead 


baked-on white enamel for easy 


The counter utilizes a Dumont 


photomultiplier with a 
cathode follower. 
finished in 
] 


aecon- 


the 


with 2 in. of virgin 


tamination. All metal parts of 
hard 


Sheridan Rd.. 


P-| 


probe are finished in chrome 
Detectolah. Tn CALS \ 


Chicago 26, Il, 





% 


Isotope Scanner and Recorder 


The Tracer-Seanner is an instrument 
for scanning body areas and producit 
i graph of isotope concentration nd 
Is particularly useful for showing 
iodine-131 distribution in the t} 


gland. Mquipment includes 
liminated scintillation detector ot 
ized mount for detector to pro (le 
vertical movement: sennning device to 
move the detector over portion of be 
being sennned: sealer Una Powe sllpi- 
detector: 


ply for printing device to 


record radioactivity distribution 
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ann MATERIALS 


wheeled table to carry, the equipment, 
which is designed to straddle hospital 


bed or examination table. Scanning 
area IS 15 XK 15 in.; scanning speed 


is adjustable. Solenoid-operated re- 
corder produces a !xy-in.-long line each 
time it is actuated, and prints on trac- 
ing paper backed with carbon paper to 
provide direct-reading image and sey- 
Tracerlab Ine., 130 High 

Vass. P-2) 


eral copies. 


St.. Boston 10. 





Beta-Gamma Detector 
The 
type 


AGB-10-SR 


survey 


model ionization - 


beta-gamma instrument 


in detect Increments in radiation as 


small as 0.002 mr hr above back- 
ground. Logarithmie response — per- 
its readings trom O.OL mr hr to 
10.000 mr hr in three ranges at an 
accuracy of 10% Control unit con- 


batteries for 350-hr con- 
and calibrated 
Jordan Electronic Mfg. Co., Ine. 119 


Pasadena 1. Ca y.. Ps 


tains 


Iereury 


tinuous Ise source 


Union Nt 





Preset Counter 


preset counter provides out- 


This dual 
rmation atanyv two counts: an 


ete physical change represented 


ging voltage, can be counted 


Response of the unit is from d-c to 


1.000 eps, maximum continuous rate 


RB in Instruments. Ine 
Lee., Richmond, 


PAN) l} right 


P-4 


Ca if. 


formation? Use post card insert in this 


ssue 








Binary Scaling Unit 
The A-72 


designed for ¢ elZel ; 


mode! scaling unit was 


scintillation and 
proportional counting, and has a l-my 


sensitivity and plug-in sealing units 


with resolution of 2 psec. Provision 


is made for counting-rate meter oper- 


ation. The unit has a flat frequency 
response up to 1.5 Me and input 
attenuation ratios of 10:1, 3:land 1:1. 
Other features are: regulated high- 


voltage supply; seale of 12S; built-in 


timer tor predetermined time opera- 
and trom 
28S & 10! 
Center For Instr 
iS9 Fifth Ave., Nev 


P-5 


tion; 
10 to 
The Atomic 
Equipment Tn 
York | v3 


predetermined count 


counts in 25 steps 


aments & 





Amplifier, Preamplifier 


Phe model 21S linesa 


tMplher pray (1C's 
maximum high-level output of +O) 
low-level 


Pia NTU 


t 2.0 volts 


output 


Controls include ¢ 


onurse 
and fine un, bandwidth switeh (2.0 


0.5 ind O.1 Me 
Fen-turn helical 


pulse-height 
potentiom- 
control of pulse height 

output 
model 219 
ides added 


pra gain tor 


high-impedance low-level-radiation de- 


30 and rise time <0.2 


tectors; gain is 
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transformer supplies 


iItage to 


parate 
preamplifier, 
response is said to be good 


1] 
LOW 


taking scintillation 
the 22-key 
75-Mev background 
» distortion Instru- 
Si Massachusetts Ave.. 


Vass. 


runge in the 
with 


Atom 


counter has a photoelectric 
to on 
Drops fall directly from 


timer and counts 


nto collecting tube without 
iwauny part of counter assembly 
iutomatically indexes collector 
after number 
Vicro- 
/ hli- 


P-7 


position preset 
ps have been delivered. 
ISo4 


Berkeley 3. Calif. 


Specialties Co, 


Linear Amplifier 


1O7P nonoverloading linear 
is a sensitivity of 0.1 my to 
accepts either positive or 
The amplifier has a 

f 0.2 wsee and a gain of ap- 
10,000, continuously vari- 
supplies a positive output 
ds SO volts and has a con- 


variable clipping time from 
c. The 107P 


power supply; 


has a self- 
the 


<clector is a trigger-type high- 


pulse- 


integral discriminator based 
Radiation In- 
Silver Spring, 


aqan design 
> .22 
Box 733, 


P-s 
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eve Used to locate small active 
areas, probe detects fractions of micro 


ae ro. 


halogen filled probe is claimed not to 


curles ol and The neon- 


be damaged by overvoltage nor af- 
fected by temperature changes in the 
100° ©. At the oper- 
600-650 


range 55° to 
ind 
Pb, 


HuiXiMiuM 


ating voltage of volts 


shielded by 'y in. Al +2 in 


Strainer 
The 


eliminate 


Straightflo strainer, designed to 


background is 10 

The 4, «-in.-diameter 
1.4-2 mg cm? inton Ele 
atories, Inc., 1226-1238 F 


Brook (n \ 


cpm 


Unnecessary friction loss 


mica window 1s 


uninter- 
The 


straight-line design is said to give large 


and turbulence, provides an 


tronic Labor- 


rupted flow of water, air or gas 
aren with Infrequent stramer 
installed 
All parts are claimed 


cleaning 


cleaning. Strainer is with 
union couplings 
to be noncorrosive It is available in 
| ! » and | in. pipe sizes, 


i: Ss 
Ha is Wig ('o S] fi W 1 2ti St . k rie, 
Pa. P-0 


Radiochemicals 
labeled 


lable from stock 


\ variety of ind P 


radiochemiu ais are aval 
schwarz Lahora- 


Vo int 
P-10 


or on special ordet 
fories, Ln 230 Wa 


| ernon N } 


shington St. 


Relay Control Box 


This electronic relay control box Wiis 


designed for applications such as con- 
trolling motors, constant 
baths, and The 
total load capacity of 1,500 watts: its 


temperature 
overs relay has a 
control cireuit requires 5 oun for opera- 
tion, It 


former, a 2D21 vacuum tube, a heavy 


contains an isolating trans- 


duty relay and a two-position switch 
that puts the relay ina normally open 
or normally closed without 


Lahline Tne ] p>] \ 
Chicago 6, Tl P-13 


position 


Decade Scaler 


rewiring. 


Lh splaine s Sf 


deeade sealer has 


$12 tast 


high-speed counting 


The model 
been designed for 
of fast pulses encountered ino nuclear 
work, time is 0.1 
maximum continuous counting 
The 412 has a decade scale of 
100 and a 1-2-4-S indication system for 
each of Klectrical and 
Physical Instrument Corp., 42-19 27th 
t.. Lona Island City. N.Y. P-1] 


fesoly nye usec 
rate Is 
10 Cps. 


two dee ades, 





Eye-Probe Counter Tube 


probe 
with 
behind the 


an alpha 


a oH0-« leg 


The model 225 eve 


Booster Vacuum Pump 
tube nical 


The \IB 
j 


vacuum pump is designed for use as a 


and beta counter model mech booster 


bend that pe 


rmits its use 
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high-vacuum stage in the low-pre- 
sure range where single-stage vacuum 
pulps have poor volumetric eff 
Since no sealing fluid is required the 
booster acts as 4 positive displacement 
compressor to retard backstreaming 
of oil Vapors into the vacuum system 
The model MB 1200, with the IKkinne 

single-stage 125-ft* pump, has 

mith at 

LOOO ft mill t 
Hg. Combine 

unit requires 5 hp at high vacuum at 

15 hp at 15 mm Hg. Ne Yo | 

Brake Co., Kinney Vig iy 


Vass P-14 


mg speed ol TOu-tt 


pressure and about 


10 microns to | omm 





D-c Magnetic Amplifier 


The tvpe S06 low-level d-e@ magneti 
Solvent-Proof Paint mplifier operates with input signals 
A strip coating can be produced whet to 200 paw with a power gain 
Site oibeashseel oaieh ie took pproximately 300,000, With th 
on glass or smooth metal su ‘ nput, the amplifier can de . 
Decontamination of table sare et output of 0.05 watts, reversible 
can then be made when solvent tv, toa 50-olim load. The unit is 


windings 


feedback 


At least four coats self-contained. Two 


external connections 


on this surface 


must be applied to form a hilt tl I I 
stripping This paint w Polytechnic Research & Development 


to protect surfaces fron ( l 55 Johnson St., Brool 


enough tor 
designed 
orgnnie solvents, Tumes 


Water and inorganie cher ' ] 


Varniton Co, 416 N. | M Level Indicator 


ndicator has a differentia 


nverte that utilizes a pneumathe 
elgh-beam svstem to convert 
ent pressure to proportion te 
( re to mesure thie ( ( ( 
j i closed tank inde! OSS UTe 
l Phe inge Ss ond trate 
() t to O-2OO in. of wate The 
t erate t up to 350° IJ 
{ essures Tou 






it) } ! Vinneapolis-llo 


7% ‘ 


Ty 


Temperature Detector 


Phe model 221 


sented 


NOON ‘ et 
electrical-resistance-t 

tor is designed for use wit! 
iInclicating 


recording, ire 


ment where tust respons 
requirement It has at 
time-constant of OLS sec ¢ wotte 


an agitated water batl 
range ~ i) ( 


Aecuracy 
better in the mid-seal 


temperature 
POO 





sensing element is a nicke ! ! t! The t r \ wuum tubs olt mete 
nu oresistance 


Theo “as | } 1 tile 
VJ P-1 Hy in. Available full-scale sensi 


of QQ5S) ohi sa 4 r ‘ thre same panel sren is it 
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tivitie e 10 mv. rms, to 300 volts, 


rms With input impedance of | meg- 


ohm and accuracy ol 5‘ 


meter can 
menssurements of 20 5VO.000 
{ does not includ 


suppl * other 


Trio Labo 


be used Tol 
CDs. Pype Dowel 


supply 


models include 
tories, Bo 143, W 


antag! 


P-19 


Four-Way Valve 


Phis f-Wi vaive s hand-and-loot 


opel ited with patented built-in, full- 


ipacit flow-control meters of the 
venturi tvpe. It is designed for con- 
trolling double-acting air or hy ull 
eviinders The bas Valve s ilso 


ivailable for remote pilot, cam, single- 


ol double solenoid t me-cdelay oOperie 
tion Lirmatic Valve lnc 3] 1 sso- 
tate Ave.. Cleveland 9, Ohio Pp-20 





Electricity Meters 
Phe el 721 2 Hus! 
st t hiss P olass 
( T =e Tl 1 i shh ( 
{ ( thre rst ement 
Che instrument is ( th d 
ement. ane ect tvin 
ist ent r VI it 
timete | rhe 
te it r te 
B ngton I ( 
Y. 7 MSO. B i / 4 
Vacuum-Sealed Resistors 
| Welmeg resistors we le ' 
nuele Ext thie 
( ent wo ' ost suit 
( <-e with elect eter tubes 
ae hee ele a 
{ ere v}i-resist les Are 
( ( th close t e and gor 
| These ee ae ; 
f ay eatin —_ r 
) (v to 10°? ohms { "Yo, e 
tole ( Phe sth t ss t 
tter tl PAY, it 
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| 


wi fois Corp, 17 ot GOMPlete instrumentation for swift, 
sure, fast circuit measurements 


., New York 16, N.Y. P-22 








hp- 460A Wide Band Amplifier 


hp- 520A High Speed Scaler 
| 
a . : 
i. 


Two-Way Solenoid Valves 


The Special S26S and S269 two-way 





es handle corrosive VuSeS 


ds, as well as steam, up to 
-hp- 46A Connectors 








150 he S269 is equipped with an 
root solenoid Bodies are 
tee stainless steel The packless- 

} ] Pas 

. type es have beveled stainless nr 

ster egrindable of replaceable disks 
\ es are normally closed; normally 
es mav be ordered Lam- 
if solid cores are available 
Pipe ( re s and » Ine; orifice 
Ss oure .s In, Automate 
\ ( 11 Lakeside Ave.. Orange 
P Qe» 
-23 





hp- 410B Vacuum Tube Voltmeter hp- 524B Electronic Counter 


hp 160 series Amplifiers give you up to 90 db gain in cascade, true 
amplification of millimicrosecond pulses, 0.0026 microsecond rise time, 
125 volt open circuit output and LOO megacycles bandwidth for standard 
oscilloscopes. -/p- 520A High Speed Scaler is an aperiodic instrument 
for precision period pulse counting from 0 cps to 10 me. Its doubk 
pulse resolving time is 0.1 psec, triple-pulse resolving ume 0.2 yus¢ 


DUAL CATHOY Dp- also ofters a complete line of electronic counter®rs, oscillators vi 
FOLLOWER meters, VHF, UHF and SHF signal generators and other equipment tor 


Type: m1529 
: «WA LKIRT 


nuclear radiation, television or similar work. 


GET COMPLETE INFORMATION TODAY! 





| HEWLETT-PACKARD COMPANY 
| Dept. N, 3039 Page Mil! Road, Palo Alto, California 
: Please send details on: 
| 460 Amplifiers 520 Scaler Counters 
| Voltmeters Oscillators Signal Generators 
Dual Cathode Follower | Name 
- ELECTRONIC TEST | 
¥ The type M1528 dual-tvpe cathode INSTRUMENTS | Company 
* T¢ oOwel J{*s e el PACTCTISTICS O | 
itilizes the characterisu | for Speed and Accuracy , See 
thre O87 tube to provide two inde- 
| City Zone State 
lent cathode followers within a 1 
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single unit for coupling low output , ; tissues Dimensions are 4 in., 0.d., 
impedances with high input imped- = a 3 in., id., and 300 mm long. The 
ances The input grids are pr ded 4 ic : lvophilizing time for this unit, with 
with JOOk resistors, whicl iv b <® ee P full capacity of 400 em, is within 
connected to an external bias ss . ° — >} hr. It is furnished complete with 
or left floating so that the input « «e — 2 ; four receiving flasks. Waketield In- 
directly coupled, utilizing the high- a. . ia dustries, Inc 5108 VN Grove St.. 
impedance characteristic of the « ‘ oars | = Skokie, Illinois. P-29 
ode follower. Keach cathode output 

impedance is 100 ohms, tapped. at 


1,000 ohms, with the signal amplitude ’ Coded Receiver 


at the tap approximately 65°% of the . SG = 
| — : q , / his coded-signal receiver permits 


cathode-signal amplitude (An output 


automatic operation Of signals relays 


impedance of approximately 50 olms , 
I PI circuit-breakers, switches and other 


is avatlable by paralleling the two 


ae aes Walkirt Co 115 e. , : electromechanical devices in remote 
sete : ; D C Signal Calibrator locations according to preset eted pro- 

St. Inglewood, Calrf. - wi 
7 Che Pulsescope enables instantaneous = 84's hese receivers are controlled 
direct-reading d-e calibration of posi- by code pulses transmitte: er reguial 
vative signals. The unit has  8-¢ lighting wires when d with an 
implifier sensitivity of 0.2 electronic time and program cont ol 
in. and responds from d-c  S¥stem, and by electrical impulses when 
thin 3 db, or a pulse rise of used with wired time systems. The 
Internal  intensityv-modu- first code pulse activates a code-selec- 
rkers are provided for | 10 tor mechanism in all receivers tuned to 
1.000 usec. Repetitive Or the lrequeney being nsmitted and 
weep is available from. 5 eveles the second pulse selects those units 
' ire to funetion International 


Vachines Cor Vadison 


scope operates at 115 volts, ? , f 
oO to 400 cps. “ze is S . w York 22, \ } P-30 


with 5X sweep expansion. 


! Wate reian Products 


hia, Pa 


; , Temperature Test Chamber 
Differential Analyzer P C 
a wee The TC-2 temperature test chamber 
The CRCO-105 decimal digit it x : a 
; , permits tests trom 65° F to +350° | 

ential analyzer solves problems 
; mding port at the top of the cham- 
form of an ordinary differential equa 
: mits addition of dry ice dun 


tion and some partial differential equa- 
: operation at low temper: 


Statham Develo; 
Olympic Blvd., Los Angeles 


P-2s 


tions The decimal svstem together : 
pment Cor 
th initial condition storag 
te cut filling time 75°, over 
using binary system. Syster 


HO integrators with maximut 


of 6 digits and sign in each int or; - Voltage Dividers 


60 increments of the Independen il . “i Af 


waindota: GRR weed OORT enctad an 
ible are computed per secot iodels 2006 and 2007 resistive 


dividers are available for use 
Sl anineuaniane ag 
<vnehronized within the mac electrom Maxi 


. ; nT mute ara 9 , » 
put-output media inelud itor mum” anputs are <,000 and 20,000 


input and twelve output el} 


tvpewriter sand graph plo respectively, with 


| } S The d 
puter Re seares Corp iy Onms. Phe : 


Sequndo Bled... Hawthorne rat 5 ie ranges « 
2%) 000 volts to the electrometers. 


fh POO. SOO, 2.000. S.000. and 


Keith Instrument SOS Carnequ 


Nickel-Silver Strip Ave., Cleveland 15, Ohio P-3] 


Custom-rolled IS nicke 

is available up to 6 in. wid nd t 
0.0005 in., to tolerances of 0.000 
in, The metal is malleable ar mf The tvpes RD-X302. RD-X301. and 


tile and resistant to corrosion ve RD-X300 grown junction tetrode trans 


Tetrode Transistors 


and fatigue It mav he orders I bias ‘ istors have maximum ratings of 30-volt 
any quantity Americar Lyophilizing Unit collector voltage, 5-ma collector cur- 


Ine... Industrial Div. 4 nee his ! pparatus is designed for rent. 50-mw colleetor diss pation and 


Flushing 54, N.) ) ; k drving and freezing of organic  5-ma base-to-base current \laximum 
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vided by oscillator cir- 
Mle, 20-35 Me, and 
pectively \laximum 
ided by amplifier 
nput impedance, 25 
pedance. 9.000 olims 


3 ind 16.5 + 3 
Germanium Products 
on Ave., Jersey City, 

p39 


~ Dw 


Type RH-25 
Carefully crafted for match- 
less performance, Dalohm 50-Watt 
miniature power resistors are Type RH-50 
made to survive the most severe 


environmental, shox k, and vibra- Also Available RH-250—250 Watts 
tion conditions RS Types—2, 5, and 10 Watt 
Dalohm RH type resistors are completely welded from ter- 
minal to terminal. They are silicone sealed in a die-cast, 
black anodized radiator finned housing and mount on sub- 
panel for maximum heat dissipation 


———®@ Temperature coefficient 0.00002 Des. C 
———® Ranges from 0.1 Ohms to 55,000 Ohms, de- 
pending on type 
——@ Tolerance 005°, 01°, 0.25°;, 0.5: 
1%, 3%, 5% 
——@ Manufactured in accordance to applicable 
JAN and MIL specifications 


a) 


Write, Wire or Call 
1314 28th Ave. Phone 2139 


, INC. 


Phe typ d-c power supplies are 
mpensated to provide 

negative internal 

mpensate for voltage 

ver supply leads, as 

res and line voltage 

idjustment can be 

nternal mpedanee ol 

negative, as 
1) 435 and 
ABLE ato normal 
100 volts and 50 ma 


, aa ; : yield a counting @ Differentiates between a 
i supplies 6.5 ES r 


@ No window absorption @ 2 = geometry @ Full 


unregulated and £8 @ Negligible resolution loss @ Adapts 
Bor 997, any scaler to proportional counting @ Rapid 


decontamination 


MODEL PCC-10 


‘385.00 


F.O. B. INDIANAPOLIS 
e 


FREE CATALOG 


Catalog’ N-8 covers NMC's 
complete line of nuclear 


= : = — eth. ree ; — SS pr \ instruments 
y 
— , Foremost Manufacturer of Proportional Counters 
Digital Electrical Meter oy 
Ni inlets seid dae aaa Nuclear Measurements Corp. 


it-olym-milliammeter @eeeeeeereeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeteeeeeeeeeeee 


einstein sapien iti 


0.1°%. and an 2460 NW. ARLINGTON AVE. « INDIANAPOLIS 18, ino. 
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O.S-sec Meusure ip te 


speed It 


10 megohms in seven ranges, 1,000 


volts in six ranges and | ampere in 
‘ 


accuracies it thre 


\Iaximum 
+ 0.01 ohm 


ranges 
lower scales are O.0O000] 
volt and 
tion does not involve manual : 


The Digitester 


+O.01L microampert 


or balancing. 
be used to control acceptance 
functions moan automat 

test ol 


tion 
ance components 
models are available that 


auxiliary recording devices 


electric typewriters, 
and 
( ‘orp. loo k. 
Burbank, Calif 


tape perlorators 


Santa 




















3 


> bP 


Laboratory Oscilloscope 
The WBO-50) oscillos: 


vreneral-purpose instrument 
tieal amplifier is 
§ Me +3 db 
calibrated 


model 


essential 
and has 
vertical gain 
read peak-to-peak volts 
Is 2O mi 


sitivity rms) per 


vertical deflection ean 
Without overloading TI 
regulated power supply 
continuously — variable 


k1-Tronics I ne.. rt A 


Philadelphia. Pa 


Regulated Power Supply 


The model RE-2002, designe 
eral laboratory use, prov 
regulated, adjustable sou 
d-e voltage with low 
supply uses a balane 
high-gain feedback 
regulator with a stabil 
an internal impedance 


at d-e. and a ripple under 


The 


to + OC oO’ 


to peak. output 
justable 
TOO 2.020 volts: current 
Vortheast 


S?.. Cambridge 38, Ma 


ms. Serent 


92 


iv 
ost sensitive! 
whicl 


These 


200 us 


Subminiature Resistors 


resistors 


Galennite submuiniature 


Pneumatic Control re made of a special material depos- 
a three-part On ! hin ceramle Duase By 


( \letag 
en “Opel ited Instrument 


on comprised of transmitter 


iphic Syvstem 


Mposition of the mate- 


range of resistance values 


recorder or indicator) and ittle change in physi 


} } } " rs "7 ‘ | ] 
Indieates, records and Ccon- esIStO wailable 
n, and are 


0.25-watt 


ssure vacuum, temperature 


el, differential pressure and 
universal 3-15 Ib in ‘ir- 


request 


P-40 


signal interconnects the three 

itter what variable 1 
Strip-chart recor 
interchangeable 1 
control The 


aterbour At) 


signal ol 


Conn 


Electric Stopwatch 


e-It stopwateh, which 
its electric 
In two models 
to 1,000 
ind the 
0. 1-sec 


other 


ge, legible 


on ited on the 


hand tor 


speed of 260 
sion pump and © 


il pump 


Pressures 


Power Supply 


» ) 
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supply is continuously 
ts 0-15 volt d-c range 


naximum otf 1 ampere 
aanee ix less than O | ohm, 
5 mv, hr and ripple less 
ik-To-peak (Consolidated 
p 300 N. Sierra Vadre 


1S. Calif. 


BE SAFE WITH NUCLEAR-CHICAGO 


a complete line of Radiation Monitors 





Nuclear-Chicago monitors cover the 


plete radiation spectrum from the /owest 
energy alphas and betas to penetrating 
gammasand neutrons provide dependable 


protection for your laboratory personnel! 


“ New Model 1619 ‘Labitron 
Liquid-Level Indicator count rate meter for routime survey 
of alpha, beta and gamma radi 

Phe O02 sonic liquid-level ation in radioisotope laboratoric 
cutes liquid levels 
»sVvstem Uses an 


ter hnique 
ippliecations requil 


the demareation New Model 2612 Portable count 

: rate meter with choice of thin 

Die TQuUlds, A di or glass u G-M_ probe 
in tens. units. tenths alphas, betas and gammas 
2 loot is presented 
mal counters. One 

ve an number 
d tanks within 


- 4 New Model 2582 San 

2 OOO it Bogue lectric "3 ible jonization chamber 
Ii ! ' rs , ’ ment for area me urement 
el alpha bet 

tamination 


New Model 2715 Nemo 
ible neutron surve' 
Measures fa and thermal neu 


tron eparately on special 


por 
meter 


logarithmic meter 


These four new instruments and 
other specialized radiation mon 
itors including Nuclear 
Chicago's complete film badu« 
service are fully described in our 
new catalog 


If you have not received 
copy, write for Catalog } 
ographic recording ‘ 


Oscillographic Recorder 
The 1 EO ve 


InbDimation of mter- 


ments for the 


Nuclear Instrument and Chemi 


135 West Erie Street, Chi 
simul- 


t zero to 


anit nuclear - chicago 


rd assembly 





CHICAGO + NEW YORK + LOS ANGELES 
mpiher and powel DALLAS » HOUSTON «© SILVER SPRING, MD 
illustration) for each 

innels, The preampli- 
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fier (1B), required for the specific appli s it The incubator employs a industrial-products manager. 
cation, is plugged into the ay hydraulic thermostat and a heating \Mivers was formerly president ol! 


channel. The unit) has. st ty coil to stabilize the cooling eycle when Radioactive Products, Inc., and one ot 


eontrol for eneh inn operating neal room = temperature, the original founders of Tracerlab. 


Pree ron NSeientitic Co... 37.37 W., ('ort- 
Corning Glass Works, Corning, 
N. Y., successfully cast and assembled 


selection oO , er speed 
A selection of nine pape ‘ vlass windows claimed to be the heavi- 


perature 
control of nput signals is nitty 
and St... Chicago 43 Til P-46 


ratios o | yA and Don un attenua 
provided on one control The ! t} \] C , 
» it \ ric lal ne engine 
ecorder slides out for pospection or tor ; . 
test facility at h National Reactor 
notation Sanborn Co C'ambrv st it the i - veaAclo 
7 wiemcemeaee esting Station Idaho Corning 1s 
a : j ’ , 
furnishing the windows under a con- 
tract that Utah Construction Co. has 
Initial portion of the aircratt 


OpPUIsiOn Tacit 


LITERATURE AVAILABLE 


Handling equipment. Folder 75 gives 


1 


Information on platform, tray, rack 


Sweep Generator and universal trucks for handling pro- 
duction and test equipment Wilder 


Vig (lo Ine... Mechanic St. and Erve 
R.R., Port Jervis, N.) L.-] 


model 6100 sweep 


for enthode-ra 
ipplications requiring a rapidly — Printed circuits. Bulletin describes 
linear voltage. Sweep speeds sockets designed tor printed circuit op- 
lonograph ntinuously adjustable from 0.05 — eration Vycalee Corp. of America 
The Junior Tonograph separate n/ywsec and can he triggered Clifton Bled., Clifton, N.. L-2 
identifies mixtures of biologie ro repetitive sweep The a ‘ : 
Precision resistors. Bulletin gives 


rials, such as amino acids i re Is { t P neulated wit 
speciilt }Otis oO CHCHADSULTEE Wre- 
It accommodates 7 filter pape rips or pulls ind gate outputs When used | : vi Vie 
ert ' : wound resistors SHA CTOSS fg. Co 
a single sheet for 2-dimensiona etro th the SKL model 600 esthode-ray é 59 : JY . 
- Collingdale Pa L-: 


adauenator, ANT SWweey ~peed s 


itor also provides a brightening 


miuigratios Potential range 


S00 volt regulated The Jur 200 in. /usec Spencer-Kennedy Labora- Refractories. Pamphlet vives re- 


graph i modified Pree fori Tne 1S¢ Vassachusett ; search suggestions for retractory users 
graph d, while not as ver Cambridge 39, Ma ( and producers Lincludes mean ther- 
less eXpensive tostriument conducts conversion chart 

05 King 


woresyegditoages Magalies ~ INDUSTRY NOTES | pricey i 


Chicage / 
General Electric Co. Ltd., Londo ulletin 55 covers 


nd, filled a St.400,0000 ord hy s ‘ia iodd-anmbeelinil olin. 

Ministry of Supply for a aa a aa 

| furnace pots for use in the “we i 15 
purified Uran 

erties ( deseribes 

it 100 rate within 

20)-20,000 


Ine.. S850 


L-6 


Microwave _ transmission. Coaxial 


Inc., | 
Sig Lines and Waveguide 


) 


P El-Tronics, 
lelp} 


Philace 


{ 
I ites trans- 


uble adap- 
tusmission lines, 

nistration 
res, antennas 


P Tracerlab, Inc., 150 Ilig 0 ( nde ~ Bergen Ave 
10, Mass., has had atomic batteri ear? L-7 





Incubator page ‘i ‘ ’ nw Viscometer. hon oO Sticky 
Abe 7 7 Problems ri\ formation on use 


This B.O.D. ineubator 
- * weld viscometer, 


a 


iti 
afford closer temperstur ! ( | ! l rit an rre ‘ iw tb : 
; B 00 ‘ { ) nag Lie horatorv 
Inc., Stoughton, Mass L-s 


greater uniformity clu 
ature ineubations It 
Voltage regulator. Bulletin 


He” « i ACCUPNEY 
1 cireulation Wo prprenil 7 ’ O1B6056D) describes transformer-type 
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voltage regulators. Allis- 
Vig. Co., 1816 S. Ot 
Wis 1-0 


High-resistance measurement. Mgl- 
rt ite describes two accurate 
measuring high resistances 


SASS (Carnegu 


L-10 


Industrial devices. older discusses 
eouting 


! 
rt | vu recording ana 
‘Vices Tor use ih many 

writz Engine ring, Boa 


J. L-11 


etin gives imtorma- 
-Z 16 connectors wit! 
Ded ur-Amseo Corp 
Ii 15M] Norther? 
1 City, N.Y. L-12 


Pumps and flow regulators. Catalogs 
- 9]-106  deseribe  self- 
egulator and automatic 

onutrol system Fis 

‘9 Jacksonville Rd 


Magnetic amplifiers. Bulletin 8235- 
i ts line of 60- and 100-eps mag- 
fers and magnett 
svstems and the 
Vagnetic Amy 
Vew 


Radiation detection. Description of 
momical, miniature Geiger 
brochure Wicro 

l 


Thermostats. A thermostatic slic 
available withou 
on letterhead 


luction Co 


2247 de 


esistane 


ucational equipment. Catalog 
. tains information on combina- 


center tables and 


thoratory 


Angle and phase meters. Laboratory 
Re t eatures applications of ex- 


vpes 3LO-A Z-angle 
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AN INSTRUMENT FOR ALL YOUR 
MAGNETIC MEASURING PROBLEMS 


Dyna-Labs® 
D-79 
GAUSSMETER 


This precision built instrument 
measures flux density, determines 
direction of flow. It locates and 
measures stray fields and plots 
Variations in strength and checks 
production lots against a standard. 
Simple to operate. No _ ballistic 
readings . . . no jerking or pulling. 
Supplied with protective carrying 
Case. 


~ Other Features - 
Reads 10 to 30,000 Gauss Flux Fields 
Probe is only .025” thick 
Active area .0! square inches 
Overoll size 13° x 6-3/4" x 10-1/2" 
Net weight only 10-1/2 Ibs 
Power supply 105-125 volts, 50-60 cycles 


For Literature Write for Brochure N654 


Dyna-Labs 


Bes... 





INC. 





1075 STEWART AVENUE, GARDEN CITY, L. 1, N. Y. GARDEN CITY 3-2700 
iano 





For MAXIMUM ACCURACY 


in your liquid sample counting... 
Ils Scvsnve WELL COUNTER 


Sturdy steel jacketed construction has 2” of lead 





which completely surrounds the counter. An adjustable 
lead-filled insert provides space for vari-sized 
sample bottles. A background of 150 to 200 counts 
per minute, gives sensitivity of 1000 counts per 


minute for one millimicrocurie of I 131 


Another in the 
RADIMAX* 


Series J 7 Stondord 


beta head 


Collimated 
medical head 


SC-12 Well crystal with Standard 


LH-6 shield and SC-3 gomma head 
counter 


$715.00 complete , 
Windowless Three position 


WRITE FOR CATALOG AND PRICES _ plonchet attachment turret head 
NUCLEAR RESEARCH and DEVELOPMENT + 6425 Etzel Ave. « St. Louis 14, Mo. 


. 
~~ 
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optical grade 
ZINC BROMIDE 


for your viewmng windows 


You know the efficiency of Zinc Bromide. 


' 


In optical grade solution it is an eff ctive, 


economical answer to your shiclding window 
problems. Michigan Chemical now offers 
prompt supply of this compound to comply 
with all AEC specifications. Write us, wire us, 


or call. We'll be glad to serve you at once. 





. 
Saint Louis. Michigan 


j 
f 


Send today f free copy of =i 
NUCLEONICS nied article, & bi vin 
1D nda ( fruction of & ‘fi y 
b) ad I dous’’. ~< 
N 


MICHIGAN CIIFEMICAL CORPORATION 


¥ 
Yeo, 


master-slave manipulators 


for radioactive materials, 
explosives, chemicals 


Master-Slave 
Central Research Labor 
active materials, exp! 
icals and biological mater 
a protective barrier 

Natural motions of hand 


are copied identically at the 


Ve 


erations are repetitive, 
tongs can be supplied to 1 
ease of operation. Special 
supplied to increase the me 
of the grasping or holdin 
Operators require 
period to become fully 
able “‘sense of feel” i 
tions. Operator can adjust 
hands comfortably. 
Developed from basic 
mote Control Engineerit 
gonne National Laborator 
are precision made from fit 
dependable performance 


For complete information 
write to 


Red Wing, Minne 


Dept. 201 





mete! 320-AB phase meter 
boratories Tecl nology 


strument Corp 531 Main St 
Vass Fe 


Gas analyzers. Anslyzer for detec- 
tion of toxie gases and inst 

Can analyze hvdrogen and hydro 
discussed in brochures. 
Teller & Cooper, Ine., 75 Front 
Brooklyn 1. N ) Pie 


Electrophoresis. Bulletin 690 


s DES ¢ lipment lor electrophore 
separations on wet filter papel Pre- 
cision Scientific Co.. 8737 W. Cort 
St., Chicago 47, Tl. L-22 





Power supplies. Catalog 254 includes 


Hne o ( oltuge regulators, regulated 
d-e sources and B supplies, frequency 
cl ivers eiters, magnetic amples 
a-C SOuUrces “hal related CqpUlp rine rit 


Sorensen & Co Tne i KFa held Ave 


Temperature control. Bulletin 120 


deseribes the operation of the \ero 
Heat exchanger used in’ controlling 
temperatures of Industria Huds 


Viagara Blower Co., 405 Le ngton Ave. 
Ve York 17, N. } 1-24 


Water demineralizing. Catalog 127 


describes ne of mixed-bed, two-bed 
and tour-bed demineralizers for labora- 
tor ospital and industria Use, 
Barnstead St Aa Sle? 2 (s 


Lanesville Terrace, Forest H Bostor 
1, Mass. L-25 


Computers. Volume 5, No. 1-2 of the 
Hewlett-Packard Journ gives tech- 
n ‘ king time te eas- 
ure ent Ine fig Cea tel 
syste ( opel ting | eC il | 
phase de it ve lencies 


Chemical pumps. Catalog Section 100 
dea wit! iesigns of revgenerat « tur- 


fives ¢ intion of mechanica SCULS 


available in turbine pumps. Roy EF. 


Services and products. Catulog de- 


scribes design-development-production- 
assembly work and ability to minia- 
turize assemblies and to redesign prod- 


ucts | 
Engine ng Dur Conn. and Ri hard 
dvenues, S. Norwalk, Cor L-2s 
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lation counters and 
itions, and eco- 

=| ielding V uclear 
ical Corp., 229 W. 

| 1-29 


Water filter. Bulletin WC-115 gives 
t ! tomite filters for purifying 
Graver Water Con- 

WW jth St Veu 

L-30 


Laboratory Equipment. Catalog 20 
rivet aD equipment tor 
Ncventitu Glass Apparatus 


( / Bloomfield, N. J L-31 


Laboratory equipment. Laboratory 
lescribes line screntil 

pmen tloe Scienti tu 

Co., 5655 Kingsbury 


Vo 1-32 


Centrifugal pump. Dynapump  bro- 
escribes fi — pump 
magnet field, 

Steel Corp Fos- 


L-33 


Radiation detection. Bulletins 473 
11, 492. and 485 give characteristics o1 
demonstration set 

instrument, bi- 

~et ind decade 

respectively, — El- 

/ j \ Hloward St 
[ a L-34 
Valves. Ublication 5200 gives reliet 
al snd @as sCTy\y- 


to select pre 





WANTED: 
Editors for 


| i 
l 

---Need men with several 

years experience in atomic 

energy field 

---or recent graduates with 

strong college nuclear back- 


ground 


Send resume, salary 
requirements to 


Editor NUCLEONICS 


330 West 42nd Street 
New York 36, N. Y. 
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Floor! 


When the Manhattan Project went into 
real production 


-RUSS 


yee BP ROTARY HIGH VACUUM 
PUMPS ric yun wt dn 


ever since then, the dependable perform- 
ance of these sturdy units has kept them 
to the fore on nucleonic production and 
research wherever vacuum entered the 


picture. 


Fast Pump-Down... 
Low Maintenance 


Beach-Russ Type RP Vae- 
uum Pumps take your ap- 
paratus down to low vac- 
uum faster than other types 
of pumps. They operate at 
exceptionally high mechan- 
ical efficiency, and because 
of their sturdy yet precise 
construction their operat- 
, ing and maintenance costs 
are the lowest in the field. 
They are virtually noise- 
less and vibrationless due 
to unusually slow speed of 
operation, 


Beach-Russ Type RP Vac- 
uum Pumps are available 
in single-stage units in 
capacities from 20to 1700 
c.f.m. for vacuum up to 
10 microns or better. Com- 
pound stages are also 
available. 


Write for the 
RP Pump Bulletin 


BEACH-RUSS COMPANY 


50 Church Street « New York. 7, N. Y. 
Address Department 66 
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® Convenient Height and 
Viewing Angle 


© Lightweight Aluminum Amperex Electronic Corp. 81 
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Twenty Channel Differential General Mills, Inc. Mechanical Div.. .60 


Pulse Height Analyzer Hewlett-Packard Company 89 
(BELL-KELLEY CIRCUITS) High Voltage Engineering Corp 5 
At last a Twenty Channel Differential Pulse Height Analyzer, Kelek Divisi 84 
incorporating many new features developed at O.R.N.L., for ERS Snel Cireren 

pulse amplitude distribution studies, divides a spectrum of 60 volts Kewaunee Mfg. Co. 73 
at Impulse Sorter into 120 channels, scanning 20 at a time. Kinney Mfg. Division, The New York 
Test Pulse Generator COMPLETELY electronic. Each channel output Air Brake Company 7 


is fed to a scale of 16 and register for visual indication. All Koll Optical C 62 
scalers and registers reset by single push button. Registers have Se ee 
special silencing features. Mallory & Co., Inc. P. R. 


Martin Company, Glenn L. 3 


4th Cover 


6544 North Sheridan Road, Chicago 26, Illinois 
detectolab, inc. Michigan Chemical Corp. 96 


Write us for Complete specifications. Minneapolis-Honeywell 
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WHERE TO BUY National Radiac Inc. 82 
North American Aviation, Inc. 63 
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Larger Sizes Now Available Nuclear Measurements Corp 91 
= D* peer ea WINDOWS Nuclear Research & Development 95 
se in stec ead, and concrete w 
ae Penberthy Instrument Co. 98 
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Radio Corporation of America a 
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rel ce) gall Thal 44 A copy of this quick-read aa an - i 
‘. . icftoreen nstrumen o. 
ing, 8-page booklet is yours ao aang egy pe 
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eae read more profitably. Write aici “a 
eo (Dae Wn\s Adleces “ EQUIPMENT 8 
ay de tie , u for the ‘‘WHY and HOW Used or Surplus N | 
CHICAGE ‘ ” 
‘ iN E RANCISCO i booklet. This index is published as a conven- 
ee eee en ee ee eae 6 6 ience to the readers. Every care is < 
SELLING OPPORTUNITY WANTED taken to make it accurate, but NU- ° 
tive in  *Philadetphia, ‘csi ~~ . sdditio al McGraw-Hill Publishing Com- CLEONICS assumes no responsibility for 
' ete Bl es a ee pany, Room 2710, 330 West errors or omissions. 
ailncannatadh sitcom 42nd St., New York 36, N. Y. 





ATOMIC’S DIFFERENTIAL PULSE HEIGHT ANALYZERS 


FOR AMPLITUDE DISTRIBUTION STUDIES 


20 CHANNEL ANALYZER 


: MODEL 520 
« SFTSSEGS SO . . ‘ 
0090006069 Many units now in operation 
eee Simultaneous pulse height measurements reduce operating time, 

save man hours 

e Rapid data-taking eliminates decay corrections 

e Twenty fixed adjacent channels cover 10 volt spectrum (Bell- 
Kelley Circuits). 


IMPORTANT New Detailed Instruction Book® 


with each Model 520 Analyzer — completely illustrated — 
over 100 pages — the only authoritative book available for 
this type of instrument. © Copyright 


SINGLE CHANNEL ANALYZER 

¢ Several hundred already in operation in leading laboratories 
e Highly versatile for studies of energy distribution of 

nuclear particles 

(used with a scintillation or other nuclear particle detecting de- 

vices, a linear amplifier and a scaler.) ; 
¢ Ten-turn helical potentiometers for precision adjustment 

of channel setting and channel width. 


e Channel width variable, zero to 7 volts. MODEL 510 


VWt44psss sists 


ZZ 


Mssshhsds, 


Analyzer 


WAw 5 CHANNEL & 


Versatile Scaler 


MODEL 515 

e Five independently operated Single-Channel 
Differential Pulse Height Analyzers with com- 
mon power supply in one cabinet 

e Baseline of each channel variable from zero to 


YA 7 


100 volts, controlled by ten-turn potentiometer 
® Five Scales of 100 with electrical reset registers 
in single cabinet 

e Each scaler has independent count control and 
reset 

e In addition, master controls operate any of the 
Five Scalers in any combination 

Apr Both closed cabinets (4 height) have forced 
(7, ventilation 

‘/ For complete details on Atomic Differential Pulse Height 
Y Analyzers, please request Bulletin 515-1 


4 
SALES REPRESENTATIVES 
ID) INSTRUM ENT H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa 
COMPANY W. A. BROWN & ASSOCIATES — Alexandria, Virginia 
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ALL ffi 


Branch Offices — throughout Southeastern U.S 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, II! 
KITTLESON COMPANY — Los Angeles 46, Colif 











. : . 7 — ™ Branch Offices — San Francisco, Calif. — Albuquerque, N.M 
Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, RON MERRITT COMPANY — Seatile, Wash 
Count Rate Meters, Coincidence and Anticoincidence Instruments, STRAUS-FRANK COMPANY, Eng. Prod. Div. —- Houston, Texas 
CANADIAN MARCONI! CO. — Montreal, P.O 


Differential Pulse Height analyzers, Accessories. Branch Offices—Toronto—Winnipeg—Vancouver—Holifox 
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Efficient Shielding 
with Mallory 1000 Metal... 


IDEAL for many 
shielding applications 


V Tests run up to 100 MEV energy level show 
Mallory 1000 to have 40° higher absorption 
than lead in the most widely used ranges and 
even at 100 MEV to have 20°) greater absorp- 
The superior shielding properties of Mallory 1000 Metal are tion, Further tests by our technical staff indi- 
well demonstrated in the radioactive logging of oil wells. This ee errs nor the shielding of cyclotron 
— : ee : ; ; ies and synchrotron radiation, and for the storage 
promising commercial application of atomic research identifies as cn 

of radioactive isotopes. 
the geological structure through which a well hole is being 


3 e om ? ‘ M: 000 is i “sl -neous 
drilled, by measuring the gamma radiation induced in the fallory | == high density, homogeneou 
naa ' eer ' alloy of tungsten, nickel and copper, fabricated 
Strata DY neutron DOombarament. . . 
, ; by Mallory powder metallurgy techniques. [t is 
Bv shielding the neutron source with a Mallory 1000 evlinder moe gene to ro oe ene to 
me ae i neh finish. and has good weathering qualities. 
like the one illustrated, the over-all sensitivity of these surveys ; a . ea 
Further, its average tensile strength of over 
100.000 p.s.i. makes it the ideal material where 
neutrons emitted by the source to pass through. At the same mechanical strength and dimensional stability 


is considerably improved. This unusual metal permits the 


time, it stops the hard gamma rays from the source. which are required, 


would overshadow the secondary radiation, and prevents them Write for Technical Bulletin on the shielding 


from adding to the induced radiation that is being measured. qualities of Mallory 1000. 


Expect more...Get more from MALLorY 


Serving Industr ith These Products: 
a - P.R. MALLORY & CO. inc 
Electromechanical—Resistors * Switches ¢ Television Tuners * Vibrators 
Electrochemical — Capacitors © Rectifiers * Mercury Batteries A | i O be 
Metallurgical 


Contacts * Special Metals and Ceramics * Welding Materials 








P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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